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FOREWORD 
This report documents the methods used at the Monterey 
Bay Aquarium Research Institute (MBARI) for analyzing 
seawater nutrient samples with an Alpkem Series 300 Rapid 
Flow Analyzer (RFA) system. The methods have been optimized 
for the particular requirements of this laboratory. 
The RFA system has been used to analyze approximately 
20,000 samples during the past two years. The methods have 
been optimized to run nutrient analyses in a routine manner 
with a detection limit of better than -±1% and a within run 
precision of -±1% of the full scale concentration range. 
The normal concentration ranges are 0-200 ~M silicate, 
0-5 ~M phosphate, 0-50 ~M nitrate, 0-3 ~M nitrite, and 
0-10 ~M ammonium. 
The memorandum is designed to be used in a loose-leaf 
binder format. Each page is dated and as revisions are 
made, they should be inserted into the binder. The 
revisions should be added into the binder. Retain the old 
versions in order to maintain a historical record of the 
procedures. 
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SECTION 1 
DESCRIPTION OF RFA ANALYTICAL SYSTEM 
The Alpkem Rapid Flow Analyzer (RFA) performs automated 
wet chemical analyses based on the segmented continuous flow 
principle. Samples or standards are introduced into the RFA 
analytical stream by an automated sampler and the sample and 
reagents are pumped to the analytical manifold by a 
peristaltic pump. The sample stream is then segmented with 
air or nitrogen bubbles and combined with the reagents at 
T-connections. The segmented stream flows through mixing 
coils and/or a heating bath to the flow-through photometer 
flowcell. The absorbance of the color produced is 
determined by the photometer. The absorbance of the color 
produced by a given method is directly proportional to the 
concentration. The absorbance is measured at the optimal 
analytical wavelength and converted to an electronic signal. 
A chart recorder displays the analog signals, and the signal 
is subsequently converted to digital output and logged by 
computer. A brief description of the major components of 
our system follows. For detailed descriptions and 
maintenance procedures of the Alpkem RFA equipment, refer to 
~he RFA-300 Rapid Flow Analyzer Operator's Manual. For 
other equipment in the system, refer to the respective 
manufacturer's manual. A list of manufacturers is given in 
section 8 of this report. 
RFA COMPONENT DESCRIPTION 
Sampler 
A series 1290 ISIS autosampler (Isco, Inc.) 
automatically introduces sample or standard into the 
analytical stream of the RFA. The ISIS autosampler is 
equipped to hold 9 racks (3 vials per rack) of 28 rom 
diameter vials. The seawater samples are collected in 
seawater aged 20 ml polyethylene scintillation vials which 
fit into these racks and are analyzed without any further 
transfers. 
The sampler is controlled externally and has been 
modified to use an Asco Model 368 3-way isolation valve 
(Asco/Angar Scientific). The 3-way valve switches between 
drawing from the seawater sample vials and a deionized water 
wash bottle. The 3-way valve is mounted on the pipet arm 
assembly of the ISIS autosampler. The sample and wash times 
are controllable within a software program that is described 
later in this report. 
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Peristaltic Pump 
The sample, reagents, and air segments are delivered to 
the analytical manifold with the Alpkem Model 302 
peristaltic pump. The pumping action is generated by 
compression of the pump tUbing between a stationary platen 
and a moving pump roller assembly. Flow rates are 
determined by the internal diameter of the pump tUbing. 
Maintenance of constant flow rates is important even though 
reagents are added in excess. This is because changes in 
the relative proportions can alter the apparent analyte 
concentration by varying the dilution. 
The micropump has electronic air injection and phasing 
to reduce pUlsations in the flow. An optical chopper and an 
opto-interrupter are used to synchronize injection of the 
air bubbles into the analytical stream to minimize pump 
pUlsations. The signal generated by the optical chopper and 
opto-interrupter actuates miniature solenoid valves at 
precise intervals to inject the air bubbles. As noted 
above, maintenance of constant flow rates is important. 
Analytical Manifold 
The analytical manifold is a platform that holds the 
glass mixing coils, T-connectors for reagent additions, and 
heating baths. Each analysis requires a specific 
configuration of components for optimal performance. 
A major principle of segmented continuous flow systems 
is the separation of the sample stream into parcels by 
injecting air bubbles at regular intervals. Air (or inert 
gas) bubbles are injected into the analytical stream with 
solenoid valves that open every 2/3 second to release air 
pressure in the form of a bubble. The solenoid valves can 
also be set to open every 4/3 second. Reagent additions 
take place downstream with mixing coils after each addition. 
Mixing is accomplished within the turn coils. As each 
parcel passes through a series of coils, differences in the 
specific gravities of the sample and reagent solutions and 
frictional turbulence at the glass coil walls produce a 
well-mixed effluent. The lengths of the mixing coils are 
determined by the amount of time required for complete 
mixing and the time required for the specific chemical 
reaction to occur. For optimal performance, the length of 
the system should be as short as possible because surges in 
flow due to excessive backpressure and tailing effects are 
increased with increased length. However, the system must 
have enough mixing coils to effect complete mixing and to 
allow time for the desired chemical reactions to occur. In 
many cases, it is possible to accelerate the reaction with a 
heating bath. 
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Heating Bath 
For many reactions, heating the solution accelerates 
the reaction which then produces sufficient color 
development for analysis. Alpkem offers heating baths in 
1.0, 2,0, 3.0, and 4.0 ml volumes with temperature 
adjustments from 25-95°C. Precise temperature control is 
very important as small changes in incubation temperature 
may drastically alter the extent of reaction. We have used 
2.0 ml heating baths in our manifold configurations for both 
phosphate and ammonium. since the volume of tubing in the 
bath is constant, the residence time of the sample in the 
bath is proportional to the volume of the bath. 
Photometer and Flowcells 
The Alpkem Model 305A photometers are dual-beam filter 
photometers. The light source is a single tungsten-halogen 
lamp. The light is split into 6 beams carried by fiber 
optic bundles and is used for 3 reference cells and 3 sample 
cells. White light emerges from the fiber optic cable and 
passes through a flow-through flowcell. An interference 
filter is placed after the flowcell. Silicon phot9diodes 
convert the light to an electrical signal. The signal is 
amplified, compared to the reference signal, and converted 
to an output voltage that is proportional to absorbance. 
The photometer can be operated using an internal bubble 
gate circuit if the path length of the flowcell is short 
enough so that there are regular periods of time in which 
there are no bubbles in the flowcell. It is advantageous to 
pass the bubbles through the flowcell as mixing effects are 
reduced and thus carryover and tailing are reduced. 
If a long path length flowcell is necessary in order to 
generate a significant absorbance signal, then the 
analytical stream can be debubbled before entering the 
flowcell. Only a portion of the analytical stream is pumped 
through the cuvette, while the air bubbles are guided up and 
out. Using a debubbler tends to increase signal smearing 
and tailing. 
Chart Recorder 
The chart recorder traces analog signals from the 
photometer. A DC analog signal is received by the recorder, 
amplified, and then compared to the internal reference 
voltage. The difference in voltages is amplified and the 
trace is generated. A variety of chart recorders can be 
used as long as they are stable in the photometer output 
range (0-5 volts). In the laboratory, we have been using 
Primeline Model 4202 2-pen chart recorders which are very 
compact units. The strip charts are used principally for 
diagnostics and are not used for reading peaks. Abnormal 
peak shapes, baseline noise, and spikes from improper 
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setting of the gate delay are readily apparent on the chart 
recorder traces and indicate problems in the manifold 
configuration or chemistry. 
Computer Controller System 
A Hewlett Packard Vectra computer is used to control 
the RFA system, log the data, calculate concentrations, and 
generate exportable ASCII files. A brief description of the 
computer controller system follows. Further details on 
computer interfacing and software description can be found 
in sections 2-4. 
The analog signal goes from the photometer to the chart 
recorder to a plug box which is connected to a HP Vectra 
computer containing a MetraByte DAS-8PGA AID converter. The 
MetraByte DAS-8PGA contains 8 analog input channels and 
features a high speed, 12-bit successive approximation AID 
converter. 
Software programs written for the RFA system are used 
to control the sampler via optically isolated solid state 
relays (available from opto 22). Within the RFA software 
program, the number of samples as well as the sampling and 
wash times can be set. We have been using a sample time of 
60 sec followed by a deionized water wash of 10 sec. 
The clock within the Vectra is used to determine, for 
each analyte, the time "from which sampling initiates until 
the first sample peak arrives at the detector. The first 
sample in a series is a synchronization standard which can 
also be used to check instrument drift over the course of 
the day. The peaks for each analyte in subsequent samples 
are read at that same lagged time-period that was 
established with the synchronization sample. 
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SECTION 2 
COMPUTER INTERFACING 
The RFA system is interfaced to a Hewlett Packard 
Vectra computer. Software developed at MBARI and compiled 
through QuickBASIC controls the RFA sampler, logs the data, 
calculates concentrations, and generates exportable ASCII 
files. The computer program listing is under section 3 and 
instructions for use are under section 4. 
, The Vectra computer contains a MetraByte DAS-8PGA AID 
converter. The pin-out table for the AID converter (Table 
1), diagram of component hook-up (Figure 2-1), and the 
schematic for the autosampler and RFA interface connection 
(Figure 2-2) follow. 
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TABLE 1 
DAS-8PGA MAIN I/O CONNECTOR 
PIN NAME COLOR FUNCTION 
1 +12 V +12 V from PC Buss Power Supply 
2 CLK 0 8254 Counter 0 clock input 
3 OUT 0 8254 Counter 0 output 
4 CLK 1 8254 Counter 1 clock input 
5 OUT 1 8254 Counter 1 output 
6 OUT 2 8254 Counter 2 output 
7 OPl blk-red-wht Digital output 1 
8 OP2 blk-org-wht Digital output 2 
9 OP3 blk-yel-wht Digital output 3 
10 OP4 blk-grn-wht Digital output 4 
11 DIGITAL brown Digital common 
COMMON 
12 IN7 blk-wht Channel 7 analog input (-) 
13 IN6 red-wht Channel 6 analog input (-) 
14 IN5 org-wht Channel 5 analog input (-) 
15 IN4 yel-wht Channel 4 analog input (-) 
16 IN3 grn-wht Channel 3 analog input (-) 
17 IN2 blu-wht Channel 2 analog input (-) 
18 INl pur-wht Channel 1 analog input (-) 
19 INO grey Channel 0 analog input (-) 
20 -12 V -12 V from PC Buss Power Supply 
21 GATE0 8254 Counter 0 gate input 
22 GATE1 8254 Counter 1 gate input 
23 GATE2 8254 Counter 2 gate input 
24 INT IN Interrupt input n+" edge triggered 
25 IPI blk-brn-wht Digital input 1 
26 IP2 gry-brn Digital input 2 
27 IP3 brn-wht Digital input 3 
28 DIGITAL Digital Common 
COMMON 
29 +5 V +5 V from PC Buss Power Supply 
30 IN7+ black Channel 7 analog input (+) 
31 IN6+ red Channel 6 analog input (+) 
32 IN5+ orange Channel 5 analog input (+) 
33 IN4+ yellow Channel 4 analog input (+) 
34 IN3+ green Channel 3 analog input (+) 
35 IN2+ blue Channel 2 analog input (+) 
36 INl+ purple Channel 1 analog input (+) 
37 INO+ white Channel 0 analog input (+) 
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Fig. 2-1 
• 
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ASCO Model 368
 
a-way valve
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manifold 
Deionized water 
wash bottle 
Sampler
 
needle
 
pacal switcht-----fTPI 
ISIS connection between plug box 
Autosam.pler ISIS autosampler contains optically 
and RFA interface isolated relays 
An optical switch is coupled to the ABeD 3-way valve via a relay: 
The optical switch senses the ann asseID.bly InOVeIDent and triggers
 
the 3-way sam.pling valve. This allows air bubble separation
 
between the sam.ple and DIW wash to alleviate saIl1ple carryover.
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Fig. 2-2 
Connection betw-een ISIS autosampler and RFA interface 
- -_-- blackwht Gower) 
+ 0.1 pF 
r----a--­ white 
blue <+5V)
 
power
 
14 13 11 9from 
turntable 
+ 
100 pF 
pink (ground) 
tan (advance) 
74122 = retriggerable one-shot 
The closing of the interface relay causes the 
sampler to low-er the needle. 
The opening of the relay causes the one-shot 
to trigger and will advance the sampler. 
If the needle is down it rises prior to advance. 
Internally the pipet up signal is fed to an inverter 
that controls a solid state relay that po'Wers 
the three--way valve. 
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FileFinder 3-12
 
Displays files and allows file selection
 
Keycheck 3-14
 
Checks for keyboard input
 
ListData 3-14
 
RFA raw and calculated data listing to screen
 
or printer; stores calculated data in ASCII files
 
ReadFile 3-20
 
Reads data file into memory
 
Sample 3-22
 
Collects RFA data using a MetraByte DAS-8PGA data
 
acquisition system; peak finder and peak regression
 
subprograms
 
Setup 3-28
 
Configure RFA running parameters
 
standard 3-32
 
Calculates calibration factors
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RUNRFA PROGRAM LISTING
 
DECLARE SUB Check ()
 
DECLARE SUB Edit ()
 
'$STATIC
 
DECLARE SUB Standard ()
 
RUNRFA 
This program is used to control and collect data from an ALPKEM-RFA
 
'system using a METRABYTE DAS-8PGA data aquisition system.
 
'Gernot Friederich Feb 1989
 
DEFINT I-N
 
DECLARE SUB ScUlple ()
 
DECLARE SUB setup ()
 
DECLARE SUB KeyCheck ( )
 
DECLARE SUB ReadFile ( )
 
DECLARE SUB FileFinder ()
 
DECLARE SUB ListData ()
 
DIM SHARED F AS INTEGER, NX AS INTEGER, NY AS INTEGER, NZ AS INTEGER, NF
 
DIM SHARED It$, Path1$, Label$, DAT$, TIH$, Comm1$, COJDJD2$, Oprtr$, Mess$, TTS, TW
 
DIH SHARED ID$(40), PK$(SO, 7), Pile$(160)
 
DIM SHARED TD(7), TSYN(7), FAC(7), FREP(7), PEAK(50, 7), BIN(7), BFIR(7)
 
DIM SHARED PACT(7) AS INTEGER
 
Pathl$ - "C:\RPA.DAT"
 
FunKey: 
KEY 1, "Setup· 
KEY 2, "Sample" 
KEY 3, ·Check" 
KEY 4, 
KEY 5, "Read" 
KEY 6, "Edit" 
KEY 7, "List" 
KEY 8, "Stand" 
KEY 9, 
KEY 10, "Exit" 
ON KEY(l) GOSUB RunSetup: KEY(l) ON 
ON KEY(2) GOSUB RunSample: KEY(2) ON 
ON KEY(3) GOSUB RunCheck: KEY(3) ON 
KEY(4) OFF 
ON KEY(S) GOSUB RunRead: KEY(S) ON 
ON KEY(6) GOSUB RunEdit: KEY(6) ON 
ON KEY(7) GOSUB RunList: KEY(7) ON 
ON KEY(S) GOSUB RunStand: KEY(S) ON 
KEY(9) OFF 
ON KEY(lO) GOSUB ToDos: KEY(lO) ON 
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SCRE.EN 0, 0, 0 
COLOR 7, 1 
CLS 
KEY ON 
COLOR 1, 7: PRINT" RFA 
"; 
LOCATE 23, 1, 0 
COLOR 0, 3 
PRINT " RPA " ., 
LOCATE 24, 1 
PRINT .. Operation ... I 
LOCATE 23, 33 
PRINT .. Data " .I 
LOCATE 24, 33 
PRINT .. Manipulation ..., 
LOCATE 23, 73 
PRINT .. To .. ., 
LOCATE 24, 73 
PRINT .. DOS " ., 
COLOR 1, 7 
DO ·wait until a function key is pressed 
LOCATE I, I, 0 
PRINT DATE$ 
LOCATE I, 73, 0 
PRINT TIME$ 
LOOP 
RunSample: 
KEY OFF 
Sample 
RETURN FunKey 
RunSetup: 
KEY OFF 
Setup 
RETURN FunKey 
RunCheck: 
KEY OFF 
Check 
RETURN FunKey 
RunRead: 
KEY OFF 
ReadFile 
RETURN FunKey 
RunEdit: 
KEY OFF 
Edit 
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RETURN FunKey
 
RunList:
 
KEY OFF 
ListData
 
RETURN FunKey
 
RunStand:
 
KEY OFF 
Standard
 
RETURN FunKey
 
ToDos:
 
SYSTEM 
FileError: 
IF ERR - 75 OR ERR - 76 THEN 
COLOR 0, 5 
PRINT "The path is probably not correct •••• try again" 
COLOR 7, 1 
INPUT "Enter a new path"; Pathl$ 
RESUME 
END IF
 
IF ERR - 52 OR ERR - 53 OR ERR - 64 THEN
 
BEEP
 
Mess$ - "The selected file was not found. These files are in the current directory.
 
PileS(l) - "*.*"
 
FilePinder
 
IP Pile$(l) "*.*" THEN
 
RESUME FunKey
 
END IF
 
END IF
 
RESUME
 
CheckFile: 
IF ERR - 53 THEN K$ MG" 
RESUME NEXT 
SUB Check 
DIM OD(7) 
KEY 1, 
KEY 2, 
KEY 3, 
KEY 4, 
KEY 5, 
KEY 6, 
KEY 7, 
KEY 8, 
KEY 9, 
....KEY 10, 
FOR I	 1 TO 10 
KEY(I) OFF 
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NEXT I 
KEY OFF 
COLOR 7, 1 
CLS 
COLOR I, 1 
PRINT II RFA Check 
PRINT "Channel 0 I 2 3 4 5 6 7 
PRINT MChart reading .. 
PRINT "Voltage 
PRINT "AID reading 
LOCATE 25, 1 
COLOR 0, 3 
PRINT ·Press F5/F6 sampler up/down FlO to exit lO i 
COLOR 7, 1 
DO 
FORI=OTO? 
OUT 802, I + NS 'select channel 
OUT 801, 0 'convert 
DO UNTIL INP(802) < 127 'check for end of conversion 
LOOP 
NL - INP(800) 
NH - INF(801) 
00(1) - NL / 16 + NH * 16 'new data value 
IF OD(I) > 4080 THEN 
OUT 803, 9 'use +lOV scale 
OUT 802, I + NS 
OUT 801, 0 
NL == INP(800) 
NH .. INP(801) 
00(1) := NL / 16 + NH * 16 + 2047 
OUT 803, 0 'reset to +/-5V scale 
END IF 
NEXT I 
LOCATE 5, 16 
PRINT USING ·,,11 M; 00(0); 00(1); 00(2); 00(3); 00(4); 00(5); 00(6); 00(7) 
FOR I - 0 TO 7 
00(1) .. OD(I) * 2 I 409.5 - 10 
NEXT I 
LOCATE 3, 16 
PRINT USING "11.11 M; 00(0); 00(1); 00(2); 00(3); 00(4); 00(5); 00(6); 00(7) 
FOR I := 0 TO 7 
00(1) := 00(1) / 2 
LOCATE 4, 16 
NEXT I 
PRINT USING M".'I Hi 00(0); 00(1); 00(2); 00(3); OD(4); 00(5); OD(6); OD(7) 
LOCATE 1, 1 
PRINT DATE$ 
LOCATE 1, 73 
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PRINT TIMES 
KeyCheck 
IF NZ =: 5 THEN NS 0 
IF NZ - 6 THEN HS =: 16 
LOOP UNTIL NZ =: 10 
END SUB 
SUB Edit 
DIM ED$(50) 
FOR I-I TO 10: KEY(I) OFF: NEXT I 
KEY I, 
KEY 2, 
KEY 3, 
KEY 4, 
KEY 5, 
KEY 6, 
KEY 7, 
KEY 8, 
KEY 9, 
....KEY 10, 
EditDisp: 
COLOR 7, 1: CLS 
COLOR I, 7: PRINT .. RPA Data Editing ": 
7, 1 
COLOR 0, 3 
LOCATE 24, 1 
...PRINT" F1 I 
LOCATE 25, 1 
..PRINT Header N. I 
LOCATE 24, 33, 0
 
PRINT " F5 " .
I 
LOCATE 25, 33, 0
 
PRINT " Data ".,
 
LOCATE 24, 73
 
PRINT .. FlO ";
 
LOCATE 25, 73
 
PRINT" Exit ";
 
COLOR 7, 1
 
NS =: 0
 
DO 
KeyCheck 
LOOP UNTIL HZ = 1 OR HZ =: 5 OR HZ - 10 
IF NZ =: 1 THEN GOTO EditHead 
IF NZ 5 THEN GOTO EditData 
StoreEdit: 
ON ERROR GOTO FileError 
CHDIR Pathl$ 
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ON ERROR GOTO 0
 
OPEN "0", #1, Label$
 
PRINT #1, F
 
PRINT #1, Label$
 
PRINT #1, TIN$
 
PRINT #1, DAT$
 
PRINT II, Comml$
 
PRINT II, Comm2$
 
PRINT #1, oprtr$
 
PRINT #1, FACT(O); FACT(l); PACT(2); PACT(3); PACT(4); FACT(5); PACT(6); FACT(7)
 
PRINT #1, FAC(O); FAC(l); FAC(2); FAC(3); FAC(4); FAC(S); FAC(6); FAC(7)
 
PRINT #1, FREP(O); FREF(l); FREF(2); PREP(3); PREP(4); PREF(S); PREP(6); FREF(7)
 
PRINT #1, TSYN(O); TSYN(1); TSYN(2); TSYN(3); TSYN(4); TSYN(S); TSYN(6); TSYN(7)
 
FOR I - 0 TO 7
 
IF FACT(I) == 0 THEN
 
PRINT #1, USING "#1#1"; -99:
 
ELSE PRINT #1, USING "###.##I"j SIN(I);
 
END IF
 
NEXT I
 
PRINT #1,
 
FORI-ITOF
 
PRINT #1, ID$(I) 
FORj-OT07
 
IP PACT(j) - 0 THEN
 
PRINT #1, USING "##1#"; -99;
 
ELSE PRINT II, USING "####.111"; PEAK(I, j);
 
END IP
 
NEXT j
 
PRINT II,
 
NEXT I
 
FOR I == 0 TO 7
 
IF FACT(I) - 0 THEN
 
PRINT #1, USING "#111"; -99:
 
ELSE PRINT #1, USING "111.11#": BFIN(I);
 
END IP
 
NEXT I
 
PRINT #1,
 
PORI-lroP
 
FOR j == 0 TO 7 
PRINT #1, USING "1"; PK$(I, j);
 
NEXT j
 
PRINT #1,
 
NEXT I
 
CLOSE #1
 
EXIT SUB 
EditHead: 'display header data 
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FOR I 1 TO 10: KEY(I) OFF: NEXT I 
FOR I = 1 TO 10: KEY I, "": NEXT I 
KEY OFF: COLOR 7, 1: CLS : COLOR 1, 7 
PRINT " RFA Header Data for File ." ., File$(I) 
COLOR 7, 1 
PRINT 
COLOR 1, 7: PRINT "Label ·
·
" ., COLOR 7, 1: PRINT Label$ 
COLOR 1, 7: PRINT "Date COLOR 7, 1: PRINT DAT$ 
COLOR 1, 7: PRINT "Time ·
·
" ,. COLOR 7, 1: PRINT TIH$ 
COLOR 1, 7: PRINT "Comment 
·
·" ,. 
COLOR 7, 1: PRINT Comml$ 
COLOR 1, 7: PRINT "Comment 
·
·... 
, 
COLOR 7, 1: PRINT Comm2$ 
COLOR 1, 7: PRINT "Operator ·
·
...
, COLOR 7, 1: PRINT Oprtr$ 
COLOR 1, 7: PRINT "Samples ·
·
...
, COLOR 7, 1: PRINT P 
PRINT COLOR 1, 7 
PRINT .. Phosphate Silicon Nitrate Nitrite Ammonium Channel 6": COLOR 7, 1 
COLOR 1, 7: PRINT "status ··"., COLOR 7, 1: FOR I - 0 TO 5: PRINT USING" II " ; 
PACT(I)i : NEXT I: PRINT 
COLOR 1, 7: PRINT "Pactors ··"., COLOR 7, 1: FOR I - 0 TO 5: PRINT USING "1111#11.11#11 .. . I 
PAC(I); : NEXT I: PRINT 
COLOR 1, 7: PRINT "Index of Refr.:"i COLOR 7, 1: FOR I - 0 TO 5: PRINT USING "11#1111.111111 "; 
PREP(I); : NEXT I: PRINT 
COLOR 1, 7: PRINT "Initial Blk. ·
·
"., COLOR 7, 1: FOR I - 0 TO 5: PRINT USING "1111##.#1111 N., 
BIN(I); : NEXT I: PRINT 
COLOR 1, 7: PRINT "Final Blk. .".
· , COLOR 7, 1: FOR I - 0 TO 5: PRINT USING "####.#1111 ..., 
BFIN(I); : NEXT I: PRINT 
LOCATE 25, 1 
COLOR 14, 4: PRINT "After making a change press Enter before moving to another line •••••• FI0 to 
exit" ; 
COLOR 7, 1 
NY -= 3 
NX - 12 
LOCATE NY, NX, 1 
DO 
KeyCheck 
IF K$ <> " .. THEN 
PRINT 1<$ 
NX -= NX + 1 
END IP 
IF NZ -= 13 THEN 
SELECT CASE NY 
CASE 3 
Label$ = Label$ + SPACE$(60 - LEN(Label$» 
FOR I = 1 TO 60 
MID$(Label$, I, 1) = CHR$(SCREEN(3, I + 11» 
NEXT I 
Label$ RTRIM$(Label$) 
Label$ LTRIH$(Label$) 
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Label$ == UCASE$(Label$) 
CASE 4
 
DAT$ == DAT$ + SPACE$(60 - LEN(DAT$»
 
FOR I 1 TO 60
at 
MID$(DAT$, I, 1) - CHR$(SCREEN(4, I + 11» 
NEXT I 
DAT$ - RTRIM$(OAT$) 
OAT$ .. LTRIM$ (DATS) 
CASE 5
 
TIH$ - TIH$ + SPACE$(60 - LEN(TIH$»
 
FOR I - 1 TO 60
 
HID$(TIH$, I, 1) .. CHR$(SCREEN(S, I + 11» 
NEXT I 
TI.H$ - RTRIH$ (TIM$ ) 
TI.H$ - LTRIH$ (TIM$ ) 
CASE 6
 
Comm1$ - Comml$ + SPACE$(60 - LEN(Comml$»
 
FOR I == 1 TO 60
 
MID$(Comml$, I, 1) == CHR$(SCREEN(6, I + II)} 
NEXT I 
Comm1$ - RTRIM$(Comml$) 
Comm1$ .. LTRIH$(Comml$) 
CASE 7 
Comm2$ - Comm2$ + SPACE$(60 - LEH(Comm2$» 
POR I .. 1 TO 60 
HID$(Comm2$, I, 1) - CHR$(SCREEN(7, I + 11» 
NEXT I 
Comm2$ - RTRIH$(Comm2$) 
Comm2$ - LTRIH$(Comm2$) 
CASE 8
 
Oprtr$ .. Oprtr$ + SPACE$(60 - LEN(Oprtr$»
 
FOR I - 1 TO 60
 
HID$(Oprtr$, I, 1) - CHR$(SCREEN(8, I + 11» 
NEXT I 
Oprtr$ - RTRIM$ (Oprtr$ ) 
Oprtr$ - LTRIM$ (Oprtr$ ) 
CASE 9
 
V$ - SPACE$(60)
 
FOR I - 1 TO 60
 
HIO$(V$, I, 1) .. CHR$(SCREEN(9, I + 11» 
NEXT I 
F == VAL(V$) 
CASE 12
 
V$ == SPACE$(60)
 
FOR I = 1 TO 60
 
HID$(V$, I, 1) CHR$(SCREEN(12, I + 15» 
NEXT I 
FOR I = 0 TO 5 
FACT(I) = VAL(HID$(V$, I * 10 + 1, 10» 
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NEXT I
 
CASE 13
 
V$ =-r SPACE$(60)
 
FOR I .. 1 TO 60
 
MID$(V$, I, 1) ~ CHR$(SCREEN(13, I + 15» 
NEXT I 
FORI=OTOs 
FAC(I) .. VAL(MID$(V$, I * 10 + 1, 10» 
NEXT I 
CASE 14
 
V$ ~ SPACE$(60)
 
FOR I-I TO 60
 
MID$(V$, I, 1) - CHR$(SCREEN(14, I + IS» 
NEXT I 
FOR I - 0 TO 5 
FREF(I) - VAL(MID$(V$, I * 10 + I, 10» 
NEXT I 
CASE 15
 
V$ - SPACE$(60)
 
FOR I - 1 TO 60
 
MID$(V$, I, 1) - CHR$(SCREEN(15, I + 15» 
NEXT I 
FORI-OTOS 
BIN(I) - VAL(MID$(V$, I * 10 + 1, 10» 
NEXT I 
CASE 16
 
V$ - SPACE$(60)
 
FOR I - 1 TO 60
 
MID$(V$, I, 1) - CHR$(SCREEN(16, I + 15» 
NEXT I 
FOR I - 0 TO 5 
BFIN(l) - VAL(HlD$(V$, I * 10 + 1, 10» 
NEXT I
 
END SELECT
 
IF NY < 9 THEN
 
NY - NY + 1
 
NX - 12
 
ELSEIF NY - 9 THEN
 
NY .. 12
 
NX .. 16
 
ELSE 
NY .. NY + 1
 
NX 16
 
END IF
 
END IF
 
LOCATE NY, NX 
LOOP UNTIL NZ = 10 
GOTO EditDisp 
Revision 10/90 3- 10 
EditData: 
COLOR 7, 1: CLS 
PRINT" Raw RFA data for file :M; File$(l) 
COLOR 1, 7: PRINT MSequ • Code Phosphate Silicon Nitrate Nitrite Ammonium Channel 6 
.. : COLOR	 7, 1
 
IF F - (NS * 20) > 20 THEN Nl = 20 ELSE Nl = F - (NS * 20)
 
FOR j 1 TO NI
&l: 
NP a: j + NS * 20
 
LOCATE j + 2, 1
 
PRINT USING "#11 I \ '"i NPi ID$(NP); MID$(ID$(NP), 2, 8);
 
FORK-OTOS
 
IF PACT(X) - 0 THEN
 
COLOR 11, 1
 
ELSEIF PK$(NP, X) - "G" THEN
 
COLOR 7, 1
 
ELSEIF PK$(NP, K) - MaN THEN
 
COLOR 14, 4
 
ELSEIF PX$(NP, K) = "N M THEN
 
COLOR 0, 5
 
END IF
 
PRINT USING "1111.111 "i PEAK(NP, K);
 
NEXT K 
COLOR 7, 1
 
NEXT j
 
LOCATE 24, 1 
COLOR 14, 4: PRINT "Press Pg Up or Pg Down to change 
pages ; 
LOCATE 25, 1 
COLOR 14, 4: PRINT "After making a change press Enter before moving to another line ••••.• FlO to 
exit"; 
COLOR 7, 1 
NY - 3 
NX - 12 
LOCATE NY, NX, 1 
DO 
KeyCheck 
IF K$ <> THEN
 
PRINT K$
 
NX = NX + 1
 
END IF 
IF NZ = 13 THEN
 
V$ = SPACE$(80)
 
FOR I := 1 TO 80
 
MIO$(V$, I, 1) = CHR$(SCREEN(NY, I»
 
NEXT I
 
I$ = HID$(V$, 4, 3)
 
I$ RTRIH$(I$)
 
I$ LTRIM$(I$)
 
d$ HID$(V$, 7, 8)
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d$ = RTRIH$ (d$ )
 
d$ - LTRIH$(d$)
 
ID$(NY - 2 + NS * 20) ~ I$ + d$
 
FORI-OTOS 
PEAK(NY - 2 + NS * 20, I) = VAL(HID$(V$, I * 10 + IS, 10»
 
NEXT I
 
NY = NY + 1
 
NX IS
 
END IF
 
IF NY > 23 THEN NY - 23
 
IF NY < 3 THEN NY - 3
 
IF NX > 80 THEN NX - 80
 
IF NX < 4 THEN NX - 4
 
LOCATE NY, NX
 
LOOP UNTIL NZ - -2 OR NZ - -1 OR NZ - 10
 
IF NZ - 10 THEN GOTO EditDisp
 
IF HZ - -1 THEN HS - NS - 1
 
IF HZ - -2 THEN NS - NS + 1
 
IF NS < 0 THEN NS - 0
 
IF NS > INT(F / 20) THEN NS - INT(F / 20)
 
GOTO EditData
 
END SUB 
SUB FilePinder 'file selectio~ 
SCREEN 0, 0, 0, 0 
KEY OFF 
WIDTH 80, 43 
COLOR 7, 1 
CLS
 
COLOR 0, 11
 
PRINT Hess$
 
COLOR 7, 1
 
FILES File$(l) 'display files
 
LOCATE 43, 1 
COLOR 0, 11 
PRINT • Use cursor keys to move •••••••use Enter to select •••••• press 1"'10 when finished -; 
COLOR 7, 1 
NX - 1: NY - 3
 
LOCATE NY, 13, 1, 1, 8
 
Highlight: 
00
 
K$ = INKEY$
 
IF LEN(K$) = 1 THEN
 
I = ASC(K$)
 
IF I = 13 THEN H = 1 ELSE H o
 
ELSEIF LEN(K$) = 2 THEN
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I = ASC(RIGHT$(K$, 1» 
IF I = 68 THEN UT = 1 
IF I 72 THEN NY NY 1 
IF I - 75 THEN NX NX - 18 
IF I - 77 THEN NX -= NX + 18 
IF I -= 80 THEN NY NY + 1 
END IF 
IF NX < 16 THEN NX = 1 
IF NX > 52 THEN NX = 55 
IF NY <- 3 THEN NY 3 
IF NY > 41 THEN 41NY ­
IF H 
- 1 THEN 
IF NX > 15 AND NX < 35 THEN 19NX ­
IF NX > 34 AND NX < 53 THEN NX III: 37 
IP NX > 52 THEN NX 
- 55 
c - SCREEN(NY, NX, 1) 
IF c - 23 THEN COLOR 14, 4 ELSE COLOR 7, 1 
FOR I 
- NX TO NX + 12 
c - SCREEN(NY, I) 
LOCATE NY, I, 0 
PRINT CRRS ( c ) ; 
NEXT I 
NY - NY + 1 
H - 0 
END IF 
LOCATE NY, NX + 12, 1 
LOOP UNTIL UT - 1 
UT 01& 
Fileselector: 
NF - 0 
FORI-lT04 
LOCATE 3, I • 18 - 17, 0 'position at top of each column 
FOR L - 2 TO 42 
c - SCREEN(L, I * 18 - 17, 1) 
IF c <> 23 THEN 'a selected file 
K$ -= 
FOR j -= 1 TO 12 
HID$(K$, j, 1) - CHR$(SCREEN(L, (I - 1) * 18 + j» 'read file name 
NEXT j 
NF - NF + 1 
File$(NF) = K$ 
END IF 
NEXT L 
NEXT I 
COLOR 7, 1 
WIDTH 80, 25 
CLS 
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END SUB 
DEFSNG I-N 
'This routine checks for keyboard input 
SUB KeyCheck 
K$ == INKEY$ 
NZ == 0 
IF LEN(K$) < 2 GOTO Character 
IF ASC(RIGHT$(K$, 1» == 59 THEN NZ -= 1
 
IF ASC(RIGHT$(K$, 1» 60 THEN NZ 2
at -= 
IF ASC(RIGHT$(K$, 1» -= 61 THEN NZ -= 3 
IF ASC(RIGHT$(K$, 1» -=: 62 THEN NZ 
- 4 
IF ASC(RIGHT$(K$, 1) ) -= 63 THEN NZ -= 5 
IF ASC(RIGHT$(K$, 1» -=: 64 THEN NZ -= 6 
IF ASC(RIGHT$(K$, 1» - 65 THEN NZ 
- 7 
IF ASC(RIGHT$(K$, 1» -= 66 THEN NZ -= 8 
IP ASC(RIGHT$(K$, 1) ) THEN NZ 9- 67 ­
IF ASC(RIGHT$(K$, 1» - 68 THEN NZ 
- 10 
IP ASC(RIGHT$(K$, 1» - 73 THEN NZ - -1 
IF ASC(RIGHT$(K$, 1» - 81 THEN NZ 
- -2 
IF ASC(RIGHT$(K$, 1» - 77 THEN NX - NX + 1 
- 75 - NX ­IF ASC(RIGHT$(K$, 1» THEN NX 1 
IF ASC(RIGHT$(K$, 1» 
- 72 THEN NY - NY - 1 
IF ASC(RIGHT$(K$, 1» -= 80 THEN NY - NY + 1 
IF NX > 80 THEN NX -= 80 
IF NX < 1 THEN NX 1at 
IF NY < 1 THEN 1NY ­
IF NY > 25 THEN NY - 25 
K$ -= 
GOTO Back 
Character: 
IF NX > 80 THEN NX -= 80 
IF K$ -= THEN GOTO Back 
IF ASC(K$) -= 13 THEN NZ =: 13 
IF ASC(K$) 
- 8 THEN NX -= NX - 1 
IF NX < 1 THEN NX - 1 
IF ASC(K$) < 32 OR ASC(K$) > 127 THEN K$ -= "" 
Back: 
END SUB 
DEFINT I-N 
SUB ListData 
DIM CPEAK(7) 
FOR I == 1 TO 10: KEY(I) OFF: NEXT I
 
KEY 1,
 
KEY 2,
 
'FI 
'FlO 
'page up 
'page down 
'cursor right 
'cursor left 
'cursor up 
'cursor down 
Revision 10/90 3- 14 
KEY 3, 
KEY 4, 
KEY 5, 
KEY 6, 
KEY 7, 
KEY 8, 
KEY 9, 
KEY 10, .... 
Disp: 
COLOR 7, 1: CLS 
COLOR 1, 7: PRINT .. RFA Data Listing ": COLOR 
7, 1 
COLOR 0, 3 
LOCATE 23, 1, 0 
PRINT .. Printer ..., 
LOCATE 24, 1 
PRINT .. PI P2 ... I 
LOCATE 25, I 
PRINT" Raw Calculated"; 
LOCATE 23, 33, 0 
PRINT .. Screen ... I 
LOCATE 24, 3.3, 0 
PRINT .. P5 P6 ..., 
LOCATE 25, 33, 0 
PRINT" Raw Calculated"; 
LOCATE 24, 60 
PRINT " P8 "., 
LOCATE 25, 60 
PRINT .. File ". I 
LOCATE 24, 73 
PRINT .. PIO "., 
LOCATE 25, 73 
PRINT " Exit "i 
COLOR 7, I 
DO 
KeyCheck 
LOOP UNTIL HZ 1 OR NZ - 2 OR NZ - 5 OR NZ - 6 OR NZ = 8 OR NZ = 10 
IF NZ - 6 OR NZ = 2 THEN NQ - 1 ELSE NO - 0 
IF NZ - 5 OR NZ - 6 THEN GOTO DispHead 
IF NZ = 1 OR NZ = 2 THEN GOTO PrintHead 
IF NZ = 8 THEN GOTO PrintFile 
EXIT SUB 
DispHead: tdisplay header data 
FOR I 1 TO 10: KEY{I) OFF: NEXT I 
FOR I 1 TO 10: KEY I, NM: NEXT I 
KEY OFF: COLOR 7, 1: CLS : COLOR I, 7 
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....PRINT ..	 RFA Header Data for File . , File$(I) 
COLOR 7,	 1 
PRINT 
COLOR 1,	 7: PRINT "Label COLOR 7, 1: PRINT Label$ 
COLOR 1,	 7: PRINT "Date ··" ., COLOR 7, 1: PRINT DAT$ 
COLOR 1,	 7: PRINT "Time COLOR 7, 1: PRINT TIM$ 
COLOR 1,	 7: PRINT "Comment 
··"., COLOR 7, 1: PRINT Comml$ 
COLOR 1,	 7: PRINT "Comment ·
·
" ,. COLOR 7, 1: PRINT Comm2$ 
COLOR 1,	 7: PRINT "Operator :"; COLOR 7, 1: PRINT Oprtr$ 
COLOR 1,	 7: PRINT "Samples 
·
·" ,. COLOR 7, 1: PRINT P 
PRINT COLOR 1, 7 
PRINT"	 Phosphate silicon Nitrate Nitrite Ammonium Channel 6": COLOR 7, 1 
COLOR 1, 7: PRINT ·Status :"i : COLOR 7, 1: FOR I -= 0 TO 5: PRINT USING" # Hi 
FACT(I); : NEXT I: PRINT 
COLOR 1, 7: PRINT "Pactors 
·
·" ., COLOR 7, 1: FOR I - 0 TO 5: PRINT USING "####.### .. i 
FAC(I); : NEXT I: PRINT 
COLOR 1, 7: PRINT "Index of Refr.:"i COLOR 7, 1: FOR I -= 0 TO 5: PRINT USING "11##.### 
FREF(I); : NEXT I: PRINT 
COLOR 1, 7: PRINT ·Synch Time ··" ., COLOR 7, 1: FOR I - 0 TO 5: PRINT USING "###1.### 
TSYN(I); : NEXT I: PRINT 
COLOR 1, 7: PRINT "Initial Bik. :·i COLOR 7, 1: FOR I -= 0 TO 5: PRINT USING wIII#.#I# ". t 
BINCI); : NEXT I: PRINT 
COLOR 1, 7: PRINT ·Pinal Blk. 
··" ,. COLOR 7, 1: FOR I == 0 TO 5: PRINT USING "##11.##1 ..., 
BPIN(I): : NEXT I: PRINT 
LOCATE 25, 1 
COLOR 14, 4: PRINT "Press Pg Up or Pg Down for other pages ••••••••••••••••••••••••••••••• FIO to 
00
 
KeyCheck
 
LOOP UNTIL HZ -= 10 OR HZ -= -lOR HZ == -2
 
IP NZ == 10 THEN GOTO Disp
 
IP NZ - -1 THEN GOTO DispHead
 
IF NZ - -2 THEN NS - 0
 
IF NO 1 THEN GOTO DispCdat 
DispRdat: 
COLOR 7, 1: CLS 
PRINT • Raw RFA data for file :"; File$(I) 
COLOR I, 7: PRINT "Sequ. Code Phosphate Silicon Nitrate Nitrite Ammonium Channel 6 
": COLOR	 7, 1 
IP F - (NS * 20) > 20 THEN NI = 20 ELSE Nl = F - (NS * 20) 
FOR j -= 1 TO Nl 
NP lIZ j + NS * 20
 
LOCATE j + 2, 1
 
PRINT USING "11# 1 \ \"; NP; ID$(NP); MID$(ID$(NP), 2, 8);
 
FOR K = 0 TO 5
 
IF FACT(K) 0 THEN
 
COLOR 1, 1
 
ttELSEIF PK$(NP, K) "G THEN 
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COLOR 7, 1
 
ELSEIF PK$(NP, K) == MB" THEN
 
COLOR 14, 4
 
ELSEIF PK$(NP, K) - MN" THEN
 
COLOR 0, 5
 
END IF
 
PRINT USING "IIIN.NII "; PEAK(NP, K);
 
NEXT K 
COLOR 7, 1 
NEXT j 
LOCATE 25, 1 
COLOR 14, 4: PRINT ·Press Pq Up or Pq Down to change pages ••••••••••••••••••.•.•••••••••• FIO to 
00 
KeyCheck 
LOOP UNTIL NZ - -2 OR NZ - -1 OR NZ - 10 
IF NZ - 10 THEN GOTO Disp 
IF NZ - -1 THEN NS - NS - 1 
IF NZ - -2 THEN NS - NS + 1 
IF NS < -1 THEN NS - -1 
IF NS > INT(F I 20) THEN NS - INT(F / 20) 
IF NS - -1 THEN GOTO DispHead 
GOTO DispRdat 
DispCdat: 
COLOR 7, 1: CLS 
PRINT • Calculated RFA data for file :"; File$(l) 
COLOR 1, 7: PRINT "Sequ. Code Phosphate Silicon Nitrate Nitrite Ammonium Channel 6 
": COLOR 7, 1 
IP F - (NS * 20) > 20 THEN NI - 20 ELSE NI = P - (NS * 20) 
FOR j - 1 TO NI 
NP - j + NS * 20 
LOCATE j + 2, 1 
PRINT USING "### l' '"i NPi ID$(NP); MID$(ID$(NP), 2, 8); 
FORK-OTOS 'calculate on line of data 
IF FACT(K) - 0 THEN 
CPEAK(K) - PEAK(NP, K) 
ELSEIF PACT(K) - 1 THEN 
CPEAK(K) • FAC(K) * (PEAK(NP, X) - (BIN(K) + (BFIN(K) - BIN(K» * NP / (NP + 1) + FREF(K») 
END IF 
NEXT K 
IF FACT(2) - 1 AND FACT(3) - 1 THEN CPEAK(2) = CPEAK(2) - CPEAK(3) 
FOR K == 0 TO 5 
IF FACT(K) o THEN 
COLOR 1, 1 
ELSEIF PK$(NP, K) = MG" THEN 
COLOR 7, 1 
ELSEIF PK$(NP, K) = "B M THEN 
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COLOR 14, 4
 
ELSEIP PK$(NP# K) ~ "N" THEN
 
COLOR 1, 1
 
END IF
 
PRINT USING "#111111.11## "; CPEAK(K)i
 
NEXT K 
COLOR 7, 1
 
PRINT
 
NEXT j
 
LOCATE 25, 1 
COLOR 14, 4: PRINT "Press Pg Up or Pg Down to change pages ••••••••••••••.•••••••••••••••• FIO to 
exit" ; 
DO 
KeyCheck 
LOOP UNTIL NZ - -2 OR NZ - -lOR NZ - 10
 
IF NZ - 10 THEN GOTO Disp
 
IF NZ - -1 THEN NS - NS - 1
 
IP NZ - -2 THEN NS - NS + 1
 
IF NS < -1 THEN NS - -1
 
IF NS > INT(P I 20) THEN NS - INT(P / 20)
 
IP NS - -1 THEN GOTO DispHead
 
GOTO DispCdat
 
PrintHead: 'print header data to HP QuietJet printer 
LPRINT CHR$(27) + "(8U" 
LPRINT CHR$(27) + "&k3S"i 
LPRINT " " + CHR$(27) + "'dO RPA data for file .." ., Pile$(l) 
LPRINT CHR$(27) + "&kOS"i LPRINT CHR$(27) + ",d@" 
LPRINT 
LPRINT "Label 
·
·" ., LPRINT LabelS 
LPRINT "Date ·
·
" ., LPRINT DAT$ 
LPRINT "Time ·
·
... 
, LPRINT TIM$ 
LPRINT "Comment .". LPRINT CommlS 
• I 
LPRINT "Coaunent ··"., LPRINT Comm2$ 
LPRINT "Operator ·
·
... 
, LPRINT oprtr$ 
LPRINT "Samples ·
·
...
, LPRINT P 
LPRINT 
LPRINT " .. + CHR$(27) + "&dDPhosphate Silicon Nitrate Nitrite Ammonium Channel 
6" + CHR$(27) + ",d@" 
..LPRINT "status 
·
·" ,. FOR I - 0 TO 5: LPRINT USING # " ,. FACT(I)i : NEXT I: LPRINT 
LPRINT "Pactors 
··" ,. FOR I - 0 TO 5: LPRINT USING "####.### " ,. FACe I); : NEXT I: LPRINT 
LPRINT "Index of Refr.:"i FOR I 
- 0 TO 5: LPRINT USING "#1##.### " ,. FREF( I); NEXT I: LPRINT 
LPRINT "Syncb Time 
·
."
,
. FOR I == 0 TO 5: LPRINT USING "##11#.### " ,. TSYN(I); NEXT I: LPRINT 
LPRINT "Initial Blk. ·
·
" ,. FOR I = 0 TO 5: LPRINT USING "####.### " ,. BIN(I); : NEXT I: LPRINT 
LPRINT "Pinal Blk. ·· ..., FOR I 0 TO 5: LPRINT USING "#1111#.111111 BFIN(I); : NEXT I: LPRINT 
LPRINT 
IF NQ = 1 THEN 
K$ = " .. + CHR$(243) + "M
 
ELSE K$ Raw
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END IF 
LPRINT • "; : LPRINT K$; K$: K$i K$i K$i K$ 
LPRINT CHR$(27) + "&d05equ. Code Phosphate silicon Nitrate Nitrite Ammonium Channel 6", 
LPRINT CHR$(27) + "&d@" 
FOR	 I-I TO P 
LPRINT USING "III l' 'Wi Ii 10$(1); HID$(1D$(I), 2, 8); 
IF NQ -= 1 THEN 
FOR	 JC - 0 TO S 'calculate on line of data 
IF FACT(K) 0 THEN 
CPEAK{K) = PEAK(I, K) 
ELSEIF FACT(K) - 1 THEN 
CPEAK(K) - FAC(K) * (PEAK(I, X) - (BIN(K) + (BFIN(K) - BIN(K» * I / (I + 1) + FREF(K») 
END IF 
NEXT K 
IF FACT(2) - 1 AND FACT(3) - 1 THEN CPEAK(2) - CPEAK(2) - CPEAK(3) 
ELSEIF NQ -= 0 THEN 
POR K - 0 TO S 
CPEAK(K) = PEAK(I, K) 
NEXT K 
END IF 
FORK-OTOS 
IF CPEAK(K) - -99 THEN 
...
'";	 WLPR1NT USING "'	 , 
ELSE 
LPRINT USING "1#11.111 Wi CPEAK(X); 
END IF 
NEXT K 
LPRINT 
NEXT I 
LPRINT CHR$(12) 
GOTO Oisp 
Printpile: 'store calculated data in a file for access by other programs 
CLS 
PRINT "Enter source file path."; INPUT Pathl$
 
ON ERROR GOTO PileError
 
CHOIR Pathl$
 
ON ERROR GOTO 0
 
PRINT "Enter source file selection argument."; INPUT File$(l)
 
FileFinder 
00 
PRINT "Enter destination path."i : INPUT Path4$ 
IF INSTR{PathlS, Path4$) <> 0 THEN 
PRINT "Source and destination path can not be the same." 
END	 IF 
LOOP UNTIL INSTR(Pat,hl$, Path4$) = 0 
FOR H = 1 TO NF 
K$ = "&" 
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II
I
OPEN *1", #1, Pathl$ + "\" + File$(H) 
ReadFile 
CLOSE #1 
OPEN "0", #1, Path4$ + "\" + Pile$(H) 
PRINT II, "Depth P04 si N03 N02 NH4" 
FOR I = 1 TO P 
IF INSTR(ID$(I), "H") <> 0 THEN 
FOR K -= 0 TO 5 'calculate on line of data 
IF FACT(K) =: 0 THEN 
CPEAK(K) - PEAK(I, K) 
ELSEIF FACT(K) - 1 THEN 
CPEAK(K) - FAC(K) * (PEAK(I, K) - (BIN(K) + (BYlN(K) - BIN(K» * I / (I + 1) + FREF(K») 
END IF 
NEXT K 
IF FACT(2) - 1 AND FACT(3) =: 1 THEN CPEAK(2) = CPEAK(2) - CPEAK(3) 
PRINT #1, USING "\ \"; MID$(ID$(I), 2, 8); 
FORK=OTOS 
PRINT #1, USING "111.11 "i CPEAK(K)i 
NEXT K 
PRINT #1, 
END IF 
NEXT I 
CLOSE #1 
NEXT H 
END SUB 
SUB ReadFile 
'read data files into memory 
IF K$ - "&" THEN GOTO ReadData 
COLOR 7, 1 
FOR I =: 1 TO 10 
KEY(I) OFF 
NEXT I 
KEY 1, 
KEY 2, 
KEY 3, 
KEY 4, 
KEY 5, 
KEY 6, 
KEY 7, 
KEY 8, 
KEY 9, 
KEY 10, tI" 
KEY OFF: CLS 
SelectPath: 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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PRINT "The current path is:": COLOR 14, 4: PRINT Path1$: COLOR 7, 1
 
INPUT "Do you need a new path (YIN)"; K$
 
IF K$ - THEN K$ = "N"
 
IF ASC(K$) - 121 OR ASC(K$) = 89 THEN 
INPUT "Enter new path"; Pathl$ 
END IF 
ON ERROR GOTO FileError 
CHDIR Pathl$ 
ON ERROR GOTO 0 
PRINT 
PRINT "Enter the name of the new data file or press enter to qet list of current files"; 
INPUT; File$(l) 
IP File$(l) - "" THEN 
Pile$(l) - "*.* ..
 
FileFinder
 
END IF
 
IP Pile$(l) - "*.*" THEN 'if no file was choosen then exit
 
EXIT SUB
 
END IP
 
ON ERROR GOTO PileError 
OPEN "I", #1, File$(l) 
ON ERROR GOTO 0 
ReadData: 
INPUT #1, P
 
INPUT #1, Label$
 
INPUT #1, TIM$
 
INPUT #1, DAT$
 
~NPUT #1, Comml$
 
INPUT #1, Comm2$
 
INPUT #1, Oprtr$
 
INPUT #1, PACT(O), PACT(l), FACT(2), FACT(3), FACT(4), FACT(S), PACT(6), FACT(7)
 
INPUT #1, PAC(O), PAC(l), PAC(2), FAC(3), FAC(4), FAC(S), FAC(6), FAC(7)
 
INPUT #1, PREP(O), PREP(l), PREP(2), PREP(3), PREP(4), FREP(S), PREP(6), PREP(7)
 
INPUT #1, TSYN(O), TSYN(l), TSYN(2), TSYN(3), TSYN(4), TSYN(S), TSYN(6), TSYN(7)
 
INPUT #1, BIN(O), BIN(l), BIN(2), BIN(3), BIN(4), BIN(S), BIN(6), BIN(7)
 
POR I-I TO F
 
INPUT #1, ID$(I)
 
FOR j - 0 TO 7
 
INPUT #1, PEAK(I, j)
 
NEXT j 
NEXT I 
INPUT #1, BFIN(O) , BPIN(l), BFIN(2), BFIN(3), BFIN(4), BFIN(S), BFIN(6), BFIN(7) 
FOR I = 1 TOP 
INPUT #1, V$
 
FOR j = 0 TO 7
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PK$(I, j) = MID$(V$, j + 1, 1) 
NEXT j
 
NEXT I
 
IF K$ ~ "&" THEN
 
EXIT SUB
 
END IF
 
CLOSE III
 
END SUB 
DEFSNG I-N 
SUB Sample 
·This program collects data from an ALPKEH RFA system using a HETRABYTE
 
'DAS-8PGA data aquisition system.
 
'Gernot Friederich Feb. 1989.
 
SCREEN 0, 0, 0, 0
 
COLOR 7, 1
 
CLS
 
DEFINT I-N
 
DEFLNG 0
 
DEFDBL R
 
DIM HD(SO, 7), NPEA(SO), HBIN(7), NIN(7)
 
DIM '1'(50), TPEA(50)
 
FOR I-I TO 10
 
KEY(I) OFF 
NEXT I 
KEY OFF 
IF P - 0 GOTO Main 
CONSTANTS: 
TDHAX == 0 
HACT - 0 
FORI-Oro7 
IP PACT(I) == 0 THEN 
'1'DHAX - TDHAX 
ELSEIP TD(I) > TDMAX THEN 
TDHAX - TD(I)
 
END IP
 
NBIN(I) == -99
 
TSYN(I) == 0
 
BFIN(I) == -99
 
IF FACT(I) > 0 THEN NACT NACT + 1
 
FOR j == 1 TO F
 
PEAK(j, I) == -99
 
PK$(j, I) == "N"
 
NEXT j
 
NEXT I
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DISPLAY: 
IF F < 21 THEN WIDTH 80, 25 ELSE WIDTH 80, 43
 
CLS
 
COLOR I, 7: PRINT USING "\ \"i "lnit. Baseline"
 
PRINT USING "\ \W i "Synch Time"
 
PRINT "Seq 10 Depth Phosphate Silicon Nitrate Nitrite Ammonium Channel 6"
 
FOR I == 1 TO F
 
LOCATE I + 3, 1
 
PRINT SPACE$(15)
 
LOCATE I + 3, 1
 
PRINT USING "11# 1 \ \H i Ii MID$(ID$(I), I, 1); MID$(ID$(I), 2)
 
NEXT I
 
LOCATE F + 4, 1
 
PRINT USING "\
 
COLOR 7, 1
 
PEAK:
 
NS - 0 • sampler control up is 0 down is 1
 
TT - (F + 2) • TTS + TDHAX 'initial estimate of run time
 
'start time 
OUT 803, 0 'set +1-5V range 
TIM$ - TIMES 
OAT$ DATES 
TO - TIMER 
DO 
TP - TIMER 'get current time 
'check sampler position 
TR - TP - TO 'current run time 
IF DAT$ <> DATE$ THEN TR - TR + 86400 'change of day during run 
HC - INT(TR / TTS) ·no. of completed sample cycles 
TC TR - HC * TTS 'time in current sample cycle 
IF TC < TW THEN NS - 0 ELSE NS =-: 16 
IF HC >- F THEN NS o 'all vials sampled 
'get new data and place in revolving array 
NAD - NAD + 1 ·no. of AID conversions 
NP == NAD HOD 50 
FORI-=OT07 
OUT 802, I + NS 'select channel and sampler position 
OUT 801, 0 •convert 
DO UNTIL INP(802) < 127 'check for end of conversion 
LOOP 
NL - INP(800)
 
NH :: INP(801)
 
ND(NP, I) == NL / 16 + NH 16 'new data value 
IF ND(NP, I) < 4080 THEN GOTO HoreData 
OUT 803, 9 'use +lOV scale 
OUT 802, I + NS 
OUT 801, 0 
NL = INP(800) 
NH INP(801) 
* 
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ND(NP, I) = NL / 16 + NH * 16 + 2047
 
OUT 803, 0 'reset to +/-5V scale
 
HoreData: NEXT I
 
T(NP) =: TR 'time of new data
 
InitialBaselines:
 
IF NBI = NACT THEN GOTO Synchronization
 
FOR I 0 TO 7
:Ill: 
IF FACT ( I) - 0 THEN GOTO HoreBase 'not an active channel 
IF NBIN(I) > -99 THEN GOTO HoreBase 'already in 
IF TR < TO(I) THEN COTO MoreBase 'not ready yet 
OBAS - 0 
FORj-OT09 
OBAS - OBAS + ND«(NAD - j) HOD 50), I) 'initial baseline 
NEXT j 'get data for last 5 seconds 
NBIN(l) - OBAS I 10 
BIN(I) = NBIN(I) * 2 / 409.5 - 10 
NX - I * 10 + 18 
IF NX > 80 THEN NX =: 80 
LOCATE 1, NX 
PRINT USING -11.111-; BIN(I) 
NBI - NBI + 1 
HoreBase: NEXT I 
Synchronization: 
IF NSYN - NACT THEN GOTO PeakFinder 
FORr-OT07
 
IF FACT(I) - 0 THEN GOTO HoreSynch 'not an active channel
 
IF NBIN(I) - -99 THEN GOTO HoreSynch 'baseline not in
 
IF TSYN(I) > 0 THEN GOTO HoreSynch 'already in
 
IF ND(NP, I) - NBIN(I) < 200 THEN GOTO HoreSynch
 
j - 0
 
K 0
 
L 0:It 
DO 
K =: (NAD - j) HOD 50
 
L - (NAD - j - 1) HOD 50
 
NOEL - ABS(ND(K, I) - NO(L, I»
 
NDELB = ABS(NO(K, I) - NBIN(l»
 
j = j + 1
 
LOOP UNTIL NOEL < 10 ANO NOELB < 10 OR j > 50'look back until there is low slope and the 
baseline is reached 
IF TR - T(L) < 5 THEN GOTO HoreSynch'not far enough into synch peak 
TSYN(I) = T(K) 
NX == I * 10 + 18 
IF NX > 80 THEN NX 80 
LOCATE 2, NX 
PRINT USING "###.#"; TSYN(I) 
HoreSynch: NEXT I 
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TSYNMAX == TDMAX 
FOR I = 0 TO 7 
IF TSYN(I) > TSYNHAX THEN TSYNHAX ~ TSYN(I) 
NEXT I 
TT - (F + 2) * TTS + TSYNMAX 'new estimate of total time 
PeakFinder: 
FORI-OT07 
IF PACT(I) - 0 THEN GOTO HorePeak 'not an active channel 
IF TSYN(I) == 0 THEN GOTO HorePeak 
'before first peak 
IF NIN(l) - F THEN GOTO HorePeak 'all peaks are in 
IP TR < TSYN(I) + NIN(I) * TTS + .9 * TTS - TW THEN GOTO HorePeak'to early 
NIN(I) - NIN(I) + 1 'new peak 
j == 0 
NPE == 0 
PK$(NIN(I), I) - NG" 
00 
NLl - (NAD - j) HOD 50 
NL2 - (NAD - j - 1) HOD 50 
NL3 -= (NAD - j - 2) HOD 50 
NL4 - (NAD - j - 3) HOD 50 
NSI - ND(HLl, I) - ND(NL2, I) 
IF ABS(NSl) > 10 THEN GOTO LookBack 
NS2 -= ND(HL2, I) - ND(NL3, I) 
IF ABS(NS2) > 10 THEN GOTO LookBack 
NS3 - ND(HL3, I) - ND(NL4, I) 
IF ABS(NSl) > 10 THEN GOTO LookBack 
NSM - (NSI + NS2 + NS3) I (T(NLl) - T(NL4»'mean slope of 4 points 
IF NSM < 0 THEN GOTO LookBack 'negative slope 
IF NSH > 2 THEN GOTO LookBack 'slope too large 
NPE - NPE + 1 'no. of good points 
NPEA(NPE) 
- ND(HLl, I) 'good points on peak 
TPEA(NPE) 
- T(NLl) 'time of points 
LookBack: j -= j + 1 
LOOP UNTIL TR - T(NL4) > 20 'look back for 20 sec. 
IF NPE< 4 THEN GOTO BadPeak 
PeakReg: RX = 0 
RXY == 0 
RY =: 0 
RXX =: 0 
FOR j =: 1 TO NPE 'linear regression 
RXY == RXY + TPEA(j) * NPEA(j) 
RX == RX + TPEA(j) 
RY RY + NPEA( j) 
RXX= RXX + TPEA(j) ... 2 
NEXT j 
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RS - (RXY - RX * RY / NPE) / (RXX - RX * RX / NPE) 'slope 
RI - RY / NPE - RS * RX / NPE 'intercept 
PEAK(NIN(I), I) - RI + RS * TR 'new peak 
PEAK(NIN(I), I) = PEAK(NIN(I), I) * 2 / 409.5 - 10'convert to chart 
NX - I * 10 + 18 
IP NX > 80 THEN NX - 80 
LOCATE NIN(I) + 3, NX 
IF PK$(NIN(I), I) - "B M THEN COLOR 14, 4 
PRINT USING "##.111"; PEAK(NIN(I), I) 
COLOR 7, 1 
GOTO HorePeak 
BadPeak: 
'starts to look 10 readings back 
NPE - 0 
PK$(NIN(I), I) - "B M 
j - 10 
DO 
j - j + 1
 
NPE - NPE + 1
 
NL1 - (NAD - j) HOD 50
 
NPEA(NPE) - ND(NLl, I)
 
TPEA(NPE) 
- T(NL1)
 
LOOP UNTIL TR - T(NLl) > 10
 
GOTO PeakReg
 
MorePeak: NEXT I 
FinalBase: 
FORI-OT07 
IF FACT(I) - 0 GOTO HoreFinal 
IF TSYN(I) - 0 THEN GOTO MoreFinal 
IP TSYN(I) + TTS * (F + 2) - 10 > TR THEN GOTO MoreFinal 
IP BPIN(I) > -99 THEN GOTO MorePinal 
BFIN(I) - 0 
PORj-OT09 
BPIN(I) - BFIN(I) + ND«NAD - j) HOD 50, I) 
NEXT j
 
BPIN(I) - BPIN(I) / 10
 
BFIN(I) - BPIN(I) * 2 / 409.5 - 10
 
NY F + 4
 
NX I * 10 + 18
 
IP NX > 80 THEN NX 80
 
LOCATE NY, NX
 
PRINT USING "##.###M; BFIN(I)
 
HoreFinal: NEXT I 
Hold: DO UNTIL TIMER - TP > .S 
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LOCATE 1, 75, 0
 
PRINT USING "1111"; TT - TR;
 
K$ = INKEY$
 
IF LEN(K$) > 1 THEN
 
IF ASC(RIGHT$(K$, 1» = 84 THEN GOTO Main
 
END IF
 
LOOP
 
LOOP UNTIL TR > TT
 
convert: ·store data as chart units (0-10) in ASCII format
 
OPEN "0", #1, Label$
 
PRINT #1, F
 
PRINT #1, Label$
 
PRINT #1, TIM$
 
PRINT #1, OAT$
 
PRINT #1, Comml$
 
PRINT Ill, Comm2$
 
PRINT Ill, Oprtr$
 
PRINT #1, FACT(O); FACT(l); FACT(2); PACT(3); PACT(4); PACT(S); FACT(6); FACT(7)
 
PRINT II, FAC(O); FAC(l); FAC(l); FAC(3); FAC(4); FAC(S); FAC(6); FAC(7)
 
PRINT #1, FREF(O); FREP(l); PREF(2); FREP(3); PREF(4); FREF(5); FREF(6); FREF(7)
 
PRINT #1, TSYN(O); TSYN(l); TSYN(2)j TSYN(3); TSYN(4); TSYN(S); TSYN(6); TSYN(7)
 
PORI-OT07
 
IF FACT(I) - 0 THEN
 
PRINT II, USING "#1#1"; -99;
 
ELSE PRINT #1, USING "111.1111"; BIN(I);
 
END IF
 
NEXT I
 
PRINT #1,
 
FOR I-I TO F
 
PRINT II, 10$(1) 
FORj-OT07
 
IF FACT(j) - 0 THEN
 
PRINT #1, USING "###1"; -99;
 
ELSE PRINT #1, USING "11111.1111"; PEAK(I, i)i
 
END IF
 
NEXT j
 
PRINT II,
 
NEXT I
 
FORI-OT07
 
IF FACT(I) = 0 THEN
 
PRINT II, USING "1111 "i -99;
 
ELSE PRINT 11, USING "111.1111 Hi BFIN(I);
 
END IF
 
NEXT I
 
PRINT #1,
 
FOR I = 1 TO F
 
FOR j = 0 TO 7 
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IF FACT(j) = 0 THEN 
PRINT #1, USING "1"; "*"; 
ELSE PRINT #1, USING "1"; PK$(I, j)i 
END IF 
NEXT j 
PRINT #1,
 
NEXT I
 
CLOSE #1
 
Main: 
OUT 802, 0 
WIDTH 80, 25 
END SUB 
DEFSNG 1-0, R
 
tThis routine is used to configure RFA running parameters
 
SUB Setup
 
FOR I -= ITO 10 
KEY(I) OFF
 
NEXT I
 
KEY 1,
 
KEY 2,
 
KEY 3,
 
KEY 4,
 
KEY 5,
 
KEY 6,
 
KEY 7,
 
KEY 8,
 
KEY 9,
 
KEY 10, ""
 
OPEN "I", #1, ·C:\QB45\RFACON" tread configuration data 
FORI-OT07 
INPUT #1, FACT(I), FAC(I), FREF(I), TD(I)
 
NEXT I
 
INPUT #1, TW, TTS, Pathl$
 
CLOSE #1
 
COLOR 7, 1 
CLS 
COLOR 0, 3 
PRINT "The current RFA configuration is: 
COLOR 1, 7 
PRINT "Path "., COLOR 7, 1: PRINT Pathl$: COLOR 1, 7 
PRINT "Sample Time"; COLOR 7, 1: PRINT TTS - TW: COLOR 1, 7 
PRINT "Wash Time H; COLOR 7, 1: PRINT TW: COLOR 1, 7 
PRINT " Phosphate Silicon Nitrate Nitrite Ammonium Channel 6 
PRINT "status Hi : COLOR 7, 1 
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FOR I = 0 TO 5 
PRINT USING " # FACT ( I); 
NEXT I 
PRINT 
COLOR 1, 7 
PRINT "Delay Time "; COLOR 7, 1 
FOR I = 0 TO 5 
PRINT USING " ### H; TD(I); 
NEXT I 
PRINT 
COLOR 1, 7 
PRINT "Pactor "; COLOR 7, 1 
FOR I a: 0 TO 5 
PRINT USING "1111.1111"; FAC(I); 
NEXT I 
PRINT 
COLOR 1, 7 
PRINT "Refr. Index"; COLOR 7, 1 
FOR I a: 0 TO 5 
PRINT USING "IIII.IINI"; FREP(I); 
NEXT I 
PRINT 
COLOR 0, 3 
PRINT "To make changes move cursor••••••when done press FS •••••• no change press Enter" 
COLOR 7, 1 
NX - 12 
NY - 5 
NZ - 0
 
LOCATE NY, NX, 1
 
K$ ­
DO 
KeyCheck 
LOCATE NY, NX, 1 
IP K$ <> "" THEN PRINT K$; NX - NX + 1 
LOOP UNTIL NZ > 4 
IF HZ - 13 THEN GOTO SaJIlples 
NeWConfig: 
n$ = 
FOR I = 12 TO 31 'read path 
MID$(n$, I-II, 1) CHR$(SCREEN(2, I» 
NEXT I 
PathlS = RTRIH$(n$) 
FOR I = 12 TO 21 'read wash time 
MID$(n$, I - 11, 1) = CHR$(SCREEN(4, I)} 
NEXT I 
TW = VAL(n$) 
FOR I = 12 TO 21 'read sample time 
MID$(n$, I - 11, 1) CHR${SCREEN(3, I» 
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NEXT I 
TTS == TW + VAL(n$) 
FOR I z: 0 TO 5 'read status 
FOR j - I * 9 + 12 TO I * 9 + 21 
MID$(n$, j - (I * 9 + II), 1) = CHR$(SCREEN(6, i»
 
NEXT j
 
FACT(!) - VAL(n$)
 
NEXT I 
FOR I - 0 TO 5 'read delay times 
FOR j - 1 * 9 + 12 TO I * 9 + 21 
MIO$(n$, j - (1 * 9 + 11), 1) - CHR$(SCREEN(7, i»
 
NEXT i
 
TO(I) - VAL(n$)
 
NEXT I 
FOR I - 0 TO 5 'read factors 
FOR - I * 9 + 12 TO I * 9 + 21 
HIO$(n$, j - (I * 9 + 11), 1) - CHR$(SCREEN(S, i» 
NEXT j 
FAC(I) - VAL(n$) 
NEXT I 
FOR I - 0 TO 5 'read index of refraction 
FOR j - I * 9 + 12 TO I * 9 + 21 
HIO$(n$, j - (1 * 9 + 11), 1) - CHR$(SCREEN(9, i»
 
NEXT j
 
FREF(I) - VAL(n$)
 
NEXT I 
OPEN ·0·, #1, ·C:\OB4S\RPACON· 'store new configuration 
PORI-Oro7 
PRINT #1, FACT{I); FAC(I); PREP(I); TOeI)
 
NEXT I
 
PRINT #1, TW; TTS; Pathl$
 
CLOSE #1
 
Samples: 
LOCATE 12, 1 'check for valid path 
ON ERROR GOTO FileError 
CHOIR Pathl$ 
ON ERROR GOTO 0 
COLOR 7, 1
 
CLS
 
COLOR 0, 3
 
PRINT "Enter parameters for new RFA run.
 
COLOR 1, 7
 
Label:	 INPUT "Label ." , LabelS 
File$(I) = Label$ 
K$ = "" 
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ON ERROR GOTO CheckFile 
OPEN "I", #1, Label$ 
ON ERROR GOTO 0 
CLOSE #1 
IF K$ <> "G" THEN 
COLOR 0, 5 
PRINT "Pile" + Label$ + " already exists •••• try again 
COLOR 1, 7 
GOTO Label 
END IF 
K$ - "" 
INPUT "Comment : .. , Comm1$ 
INPUT "Comment :" , Comm2$ 
INPUT "Operator : .. , Oprtr$ 
HowHany: INPUT "I Samples : " , F 
IP F > 40 THEN 
COLOR 14, 4 
PRINT "Only 40 samples are allowed per run." 
COLOR 1, 7 
GOTO HowHany 
END IF 
INPUT "Is above infonDation correct"; 0$ 
IP OS - "N" OR 0$ - "n" THEN GOTO Samples 
COLOR 7, 1 
CLS 
COLOR 0, 3 
PRINT "Enter a one letter ID code and a depth or other code for each sample. 
COLOR 1, 7 
PORI-ITOF 
IF I < 21 THEN NX 1 ELSE NX - 41 
IF I < 21 THEN NY - 1 ELSE NY - 2 
LOCATE (I MOD 21) + NY, NX 
PRINT USING "II "i Ii 
PRINT ID$(I) 
NEXT I 
COLOR 0, 3 
LOCATE 25, 1 
.. ;PRINT "When finished press P5 
COLOR 7, 1 
NX == 5 
NY == 2 
LOCATE NY, NX 
00 
KeyCheck 
LOCATE NY, NX, 1 
IF NY > 21 AND NX < 41 THEN 
NX == 45 
NY = 2 
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LOCATE NY, NX
 
END IF
 
IF	 NZ = 13 AND NX < 41 THEN
 
NX == 5
 
NY NY + 1
 
LOCATE NY, NX
 
END IF
 
IF	 NZ == 13 AND NX > 40 THEN 
NX .. 45
 
NY = NY + 1
 
IF NY > 25 THEN NY == 25
 
LOCATE NY, NX
 
END IF
 
IP	 NY < 2 AND NX > 41 THEN
 
NY .. 21
 
NX 5
 
LOCATE NY, NX
 
END IF
 
IP K$ <> "" THEN PRINT K$i NX .. NX + 1
 
LOOP UNTIL NZ - 5
 
ReadID: 
PORI-1TOP 
j - «I - 1) HOD 20) + 2 
IP I < 21 THEN K - S ELSE X - 4S 
ID$(I) - .. \ \" 
FOR L - K TO K + 11 
MID$(ID$(I), L + 1 - X, 1) - CHR$(SCREEN(j, L» 
NEXT L 
ID$(I) - RTRIH$(ID$(I»
 
NEXT I
 
END SUB 
DEFINT I-N 
SUB standard ·calculate calibration factors 
DIM REG(lO, 7), CPEAK(7), STD(10, 7), STD$(3) 
FOR 1==1 TO 10: KEY(I) OFF: NEXT I
 
KEY 1,
 
KEY 2,
 
KEY 3,
 
KEY 4,
 
KEY 5,
 
KEY 6,
 
KEY 7,
 
KEY 8,
 
KEY 9,
 
KEY 1O, ""
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KEY OFF 
edisp settings for standard file
 
CHDIR "C:\RFA.STD"
 
DispConfig:
 
COLOR 7, 1: CLS
 
COLOR 1, 7: PRINT .. RFA Calibration Factors
 .. ; 
COLOR 7, 1 
PRINT "Enter the name of a standard configuration file or press enter to get a list" 
INPUT; Pile$(l) 
IF File$(1) THEN 
File$(l) _ M*.*"
 
FilePinder
 
END IP
 
ON ERROR GOTO pileError 
OPEN "I", #1, Pile$(l) 
ON ERROR GOTO 0 
PORI-lT02 
FORj-OTOS
 
INPUT #1, STD(I, j)
 
NEXT j 
NEXT I 
INPUT #1, Comm$ 
CLOSE #1 
PRINT 
PRINT ·Concentrations in .; COLOR 14, 1: PRINT File$(l); : COLOR 7, 1: PRINT" are:" 
COLOR 1, 7: PRINT • Phosphate Silicon Nitrate Nitrite Ammonium Channel 6 ": COLOR 
7, 1 
COLOR 1, 7: PRINT ·S 11 ·
·
..
, 
COLOR 7, 1: FOR I - 0 TO 5: PRINT USING ·,11,.111 .; STD(l, I); 
NEXT I: PRINT 
COLOR I, 7: PRINT ·S 21 ·
·
..
, COLOR 7, 1: FOR I - 0 TO 5: PRINT USING "1111.111 Hi STD(2, I); 
NEXT I: PRINT 
PRINT 
COLOR 1, 7: PRINT ·Comment 
·
·..
, COLOR 7, 1: PRINT Comm.$ 
COLOR 0, 3 
LOCATE 23, 1 
PRINT ·Correct Configuration?·; 
LOCATE 24, 1 
PRINT " P'1 P2 M., 
LOCATE 25, 1 
PRINT " YES NO 
LOCATE 24, 30 
PRINT " FS H; 
LOCATE 25, 30 
PRINT "New Configuration"; 
LOCATE 24, 73 
PRINT" FlO Hi 
LOCATE 25, 73 
PRINT" Exit "; 
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DO 
KeyCheck 
LOOP UNTIL NZ - 1 OR NZ ~ 2 OR NZ .. 5 OR HZ = 10 
IF NZ .. 10 THEN 
EXIT SUB
 
ELSEIP HZ - 2 THEN
 
GOTO DispConfiq
 
ELSEIP HZ .. 5 THEN
 
GOTO NewStand
 
END IP 
'calculate factors based on cuurent data and std file 
'it is assumed that all standards are multiples of the listed standards
 
COLOR 7, 1
 
CLS
 
COLOR 1, 7: PRINT RPA Pactors
N 
PRINT ·Standard Pile used :.; : COLOR 14, 1: PRINT Pile$(1)
 
COLOR I, 7: PRINT ·Data Pile used : .. ; : COLOR 14, 1: PRINT LabelS
 
COLOR 7, 1
 
FOR 1 TO 10 ·initialize regression array
 
FOR j 
- 0 TO 5
 
REG(I, j)
 
I ­
- 0 
NEXT j
 
NEXT I
 
PORI-ITOP
 
IP MID$(ID$(I), 1, 1) <> "S· THEN GOTO HoreReg 'this is not a standard
 
STDI - VAL(MID$(ID$(I), 2, 7» 'which standard
 
STD2 - INT(STDI / 10)
 
STD3 - STDI - (STD2 * 10)
 
PORK-OTOS 'calculate one line of data 
IF FACT(K) - 0 THEN 
CPEAK(K) - PEAK(I, K) 
ELSEIF FACT(K) - 1 AND PEAK(!, K) > -10 THEN 
CPEAK(K) - (PEAK(!, K) - (BIN(K) + (BPIN(K) - BIN(K» * NP / (NP + 1) + FREP(K») 
ELSE 
CPEAK(K) = -99 
END IP 
NEXT K
 
FOR j = 0 TO 5
 
IF FACT{j) = 0 THEN GOTO Horechan 'not a valid std
 
IIF STD(STD2, j) = 0 AND STD3 <> 0 THEN GOTO HoreChan not a valid std
 
IF CPEAK(j) = -99 THEN GOTO HoreChan 'not a valid standard
 
REG(1, j) .. REG(l, j) + STD3 * STD(STD2, j) 'sum of x
 
REG(2, j) = REG(2, j) + CPEAK(j) • sum of y
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REG(3, j) = REG(3, j) + (STD3 * STD(STD2, j» ~ 2 'sum of x 2 
REG(4, j) REG(4, j) + (CPEAK(j» ~ 2 'sum of y 2 
REG(S, j) ~ REG(S, j) + STD3 * STD(STD2, j) * CPEAK(j) 'sum of x*y 
REG(6, j) - REG(6, j) + 1 'n 
HoreChan: NEXT j 
HoreReg: NEXT :I 
FOR I = 0 TO 5: 'generate means 
IF REG(6, I) > 1 THEN 
REG(I, I) .. REG ( I, I) / REG(6, I) 
REG(2, I) .. REG(2, I) / REG(6, I) 
END IF 
NEXT I 
'calculate slopes etc. 
FORI-OTOS 
IF REG(6, I) > 1 THEN 
REG(7, I) - (REG(S, I) - REG(6, I) * REG(l, I) * REG(2, I» / (REG(3, I) - REG(6, I) * REG(l, I) * REG(l, 
I»: 'slope 
REG(S, I) .. REG(2, I) - REG(7, I) * REG(l, I) 'intercept 
TS .. REG(4, I) - REG(6, I) * REG(2, I) * REG(2, I) 
RS .. (REG(S, I) - REG(6, I) • REG(I, I) * REG(2, I» A 2 I (REG(3, I) - REG(6, I) * REG(l, I) * REG(l, 
I) ) 
REG(9, I) - RS / TS ·r.... 2 
REG(IO, I) - 1 / REG(7, I) 
END IF 
NEXT 1: 
'display factors etc. 
COLOR I, 7: PRINT .. Phosphate Silicon Nitrate Nitrite Ammonium Channel 6 "; 
COLOR 7, 1 
COLOR 1, 7: PRINT "Pactor :"; : COLOR 7, 1: PRINT USING "1111.1111 "; REG(10, 0); REG(10, 1); 
REG(10, 2); REG(IO, 3); REG(10, 4); REG(10, 5) 
COLOR 1, 7: PRINT "Intercept :"; : COLOR 7, 1: PRINT USING "11111.11111 M; REG(S, 0); REG(S, 1); REG(8, 
2); REG(S, 3); REG(S, 4); REG(S, 5) 
....COLOR 1, 7: PRINT "R*R . , : COLOR 7, 1: PRINT USING "##.#1111# "; REG(9, 0); REG(9, 1); REG(9, 
2 ); REG ( 9, 3); REG ( 9, 4); REG ( 9, 5) 
COLOR 1, 1: PRINT "Residuals as , off full scale ": COLOR 7, 1 
FOR :r .. 1 TO P 
IF MID$(ID$(I), 1, 1) - "S" THEN 
STDI .. VAL(HID$(ID$(I), 2, 7» 'which standard 
STD2 - INT(STDI / 10) 
STD3 - STDI - (STD2 * 10) 
FOR K - 0 TO 5 'calculate one line of data 
IF FACT(K) = 0 THEN 
CPEA.K(X) -99 
ELSEIF STOll, X) = 0 AND STD(2, K) = 0 THEN 
CPEA.K(X) = -99 
ELSEIF FACT(K) = 1 AND PEAK(I, X) > -10 AND REG(10, K) <> 0 THEN 
CPEAK(X) = (REG(10, K) * (PEAK(I, K) - (BIN(K) + (BFIN(K) - BIN(K» * NP / (NP + 1) + 
FREF(K»» 
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CPEAK(X) - (STD3 * STD(STD2, K) - CPEAK(X) + REG(lO, X) * REG(S, K» / (REG(10, K) * .1) 
ELSE 
CPEAK(K) - -99 
END IF 
NEXT K 
COLOR 1, 7: PRINT USING "### 1 \ \"i Ii 1D$(I); HID$(ID$(I), 2, 9); COLOR 7, 1 
FOR K :: 0 TO 5 
IF CPEAK(K) :: -99 THEN 
PRINT USING "\ \"i " M., 
ELSE 
PRINT USING ·11#11.111 "i CPEAK(K); 
END IF 
NEXT K 
PRINT 
END IF 
NEXT I 
LOCATE 25, 1 
COLOR 0, 3 
PRINT ·Press PrintScrn for hard copy Press FlO to exit"; 
DO 
KeyCheck 
LOOP UNTIL NZ - 10 
EXIT SUB 
NewStand: 'enter a new standard configuration 
STD$(I) - 0.000 0.000 0.000 0.000 0.000 0.000 
STD$(2} - STD$(1) 
STD$(3) -
COLOR 7, 1: CLS 
COLOR 1, 7: PRINT " Enter New Standard Concentrations .. ; 
COLOR 7, I 
PRINT 
COLOR 1, 7: PRINT " Phosphate silicon Nitrate Nitrite Ammonium Channel 6 ": COLOR 
7, 1 
COLOR 1, 7: PRINT ·s 11 COLOR 7, 1: PRINT STD$(I)
·
...
, 
COLOR 1, 7: PRINT ·s 21 ·
·
" ,. COLOR 7, 1: PRINT STD$(2)
 
COLOR 1, 7: PRINT "Enter Comment 
·
." 
,
. COLOR 7, 1: PRINT STD$(3)
 
LOCATE 25, 1
 
COLOR 14, 4: PRINT ·Hove cursor and make changes •••••••••••••••••••••••••••••• when finished press F5 H i
 
COLOR 7, 1 
NX == 17: NY z: 3 
LOCATE NY, NX, 1 
NZ = 0 
DO UNTIL NZ == 5 
KeyCheck 
IF NY < 3 THEN NY 3 
IF NY > 5 THEN NY = 5 
LOCATE NY, NX 
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IF K$ <> .... THEN
 
PRINT K$i : NX - NX + 1
 
MID$(STD$(NY - 2), NX - 17) = K$ 
END IF 
LOOP 
'store new standard configuration file 
LOCATE 12, 1 
COLOR 0, 3 
PRINT "Enter a name for the new configuration file.· 
INPUT Pile$(O)
 
OPEN ·0·, #1, Pile$(O)
 
FOR :I - 1 TO 3
 
PRINT #1, STD$(I) 
NEXT I 
CLOSE #1 
END SUB 
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SECTION 4 
INSTRUCTIONS FOR USING THE RUNRFA PROGRAM 
The RUNRFA program is run through the QuickBASIC 
interpreter. It is not compiled. The program is divided 
into 7 subroutines, indexed on page 3-1. The subroutines 
are accessed by pressing the function keys in the main menu. 
These instructions are written to lead the operator through 
the steps of setup, analysis, and data reduction in that 
order. Some of these instructions are repeated in the RFA 
PROCEDURES section of this report (Section 6). 
SETUP 
1. During the initial setup of the RFAs, load the 
RUNRFA.BAS program through QuickBASIC. The main menu will 
appear on the screen. The subroutines and associated 
function keys are on the bottom of the screen. 
2. Press [F3] to go into Check mode. Check mode shows the 
channel number (O=phosphate, l=silicate, 2=nitrate, 
3=nitrite, 4=ammonium) and associated chart readings, 
voltages, and AID readings. You can check the voltage 
output on the photometer versus these readings to ensure 
that you are plugged in correctly. within check, you have 
manual control over the ISIS autosampler needle. Press [F6] 
to lower the needle into the scintillation vial and [F5] to 
raise the needle. The sampler tray advances one space after 
raising the needle. These keys are used to flush the RFA 
manifold with dilute acid and base during the initial setup 
and final shutdown. After flushing the manifold, press 
[FlO] to return to the main menu. 
3. To setup a tray, press [Fl] to go into setup. The 
subroutine Setup reads the configuration data stored in a 
file called RFACON. If changes need to be made, cursor to 
the parameters, type in the new values, and when finished 
press [F5]. caution- if you hit [ENTER], the existing 
parameters will be used, the new parameters disregarded. 
Path The directory path for storing the data. 
There is a directory called RFA.DAT which has 
SUbdirectories by cruise names. An example 
of a path is C:\RFA.DAT\PP8 
Sample time The period of time in seconds that the 
autosampler needle is in the down position, 
drawing from the vials 
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Wash time	 The period of time in seconds that the 
autosampler needle is in the up position, 
drawing DIW from the wash bottle 
status	 Turns channels on or off. O=off, l=on 
Delay time	 The period of time in seconds between 
activation of the autosampler and the reading 
of the initial baseline. After the computer 
takes the baseline reading, it begins its 
search for the peak. The delay time must be 
less than the time it takes for the peak to 
appear (the synchronization time) but should 
be close. Inputting a delay time about 20 
seconds less than the synchronization time is 
usually adequate. 
Factor	 The factor used to calculate concentrations 
based on the relationship 
CONCENTRATION=FACTOR*ABSORBANCE. The factors 
are determined in the STAND subroutine after 
running a tray of standards. 
Refr. Index	 The refractive index correction is an 
absorbance value that is subtracted from the 
readings to take into account the refractive 
index difference between seawater and 
deionized water. The refractive index 
correction is determined experimentally by 
omitting a critical reagent. (See Refractive 
Index Corrections under the Troubleshooting 
section) 
4. After pressing [FS] if there have been changes made, or 
[ENTER] if no changes were made, then a second screen comes 
up. The information on this screen should be input with the 
format given under section 6 (RFA PROCEDURES), page 6-5. 
The Label name will become the file name and cannot have 
more than 8 characters or contain a comma or period. The 
f Samples refers to the total number of vials to be run with 
that tray. A maximum of 40 samples are allowed per run. 
5. After pressing [ENTER] at the final line, the main menu 
appears. Pressing [F2] starts the subroutine sample which 
runs the samples and collects the data. The numbers 
appearing in the top right corner are the number of seconds 
remaining to finish the tray of samples. 
6. The format for setting up a tray of standards and 
samples is given under section 6 (RFA PROCEDURES), 
subsection FILE FORMAT, pages 6-5 and 6-6. It is most 
important to have the first vial contain a sufficient amount 
of the nutrients being analyzed to generate a peak at least 
two chart divisions high. It is also very important that 
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the synchronization time determined from this first peak is 
correct as it determines the timing for all subsequent peaks 
in the run. The synchronization time may get slightly 
longer over the course of the day as pump tUbes wear, but 
should always be within a few seconds. 
7. After the run is finished, the main menu will appear 
again. 
8. After running a tray of standards, the Stand program 
[F8] can be run. This program calculates the calibration 
factors based on the standard concentrations. After 
pressing [P8], the program calls for the standard 
configuration file. The file name can either be typed in or 
the [ENTER] key can be pressed to ge~ a listing of the 
files. The standard configuration files are stored under a 
directory called RFA.STD. The concentrations are for the 
first standard with Sll being the first P04 and N03 mixed 
standard, S21 being the first si and NH3 mixed standard. 
The program assumes that the subsequent standards are 
mUltiples of the listed concentrations (e.g. 812 is twice 
the concentration of S11). New configurations can be input 
when new batches of standards are made. Upon pressing [Fl] 
for correct configuration the program calculates the fact~rs 
based on a linear regression. The factors, intercepts, r 
value, and the residuals as a % of full scale are displayed. 
The factor for nitrite is calculated separately using a one­
point calibration. We keep a running log of all the factors 
and standard batch numbers over time as this helps to keep 
track of how the instrument is running and can indicate if a 
set of standards is bad. The factors from different batches 
of standards should be the same and the factors from day to 
day should be the same given no changes in manifold 
configuration or reagent concentrations. Pressing [FlO] 
calls up the main menu. The factors derived from this 
calculation can be input in the SETUP step and will be saved 
in the header information for subsequent files. 
9. The Read, Edit, and List subroutines are used in the 
data calculation steps. After running the samples, [F5] is 
pressed to Read a data file and call it into the program. 
The data file consists of the header information and the 
absorbances with bad peaks flagged by color. The program 
asks for the appropriate directory path and the data file 
can either be typed in or [ENTER] can be pressed to get a 
list of files in the directory and the file can then be 
selected from the list. 
10. After reading the file, the file can be edited by 
pressing [F6] for Edit. The header information can be 
edited by pressing [Fl] or the raw data can be edited by 
pressing [F5]. Only the raw data is saved, the calculated 
concentrations are not saved. After inputting any changes, 
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pressing [FlO] overwrites the new file onto the old file and 
returns to the main menu. 
11. After editing the data and header, the file can be 
listed by pressing [F7] for List. The data can be output to 
a printer in either raw [Fi] or calculated [F2] form, output 
to the screen in either raw [FS] or calculated [F6] form, or 
output as an ASCII file [FS]. After pressing [FS], the 
computer asks for the source file path which is the 
directory under which the data is stored. The source file 
selection argument refers to the file name. If you want all 
the files listed that reside in that directory, press 
[ENTER] and you can select one or more files to output as an 
ASCII file. The destination path refers to where you want 
to store the file. The ASCII file generated contains the 
file name, the sample depths, and the sample concentrations 
with the nutrient name heading the column. The other 
ancillary data such as factors and the calibration standards 
are not included. The ASCII files can be imported into 
other programs such as word processing programs or 
spreadsheets. 
12. Pressing [FlO] in the main menu gets out of the program 
and returns to DOS. 
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NOTE-S ON THE PEAK FINDING PROGRAM
 
The peak finding program resides in the subroutine 
Sample. The computer uses the delay time input under Setup 
and takes an initial baseline reading that many seconds 
after the sampler starts to draw from the first vial. The 
baseline reading is a 5 second average (10 readings at the 
rate of 1 reading every 0.5 seconds). After taking the 
initial baseline reading, the computer starts to look for 
the synchronization peak. The peak finding routine uses 
both change in slope and readings that are at least 5% of 
full scale over the baseline reading as criteria. Taking 
readings of at least 5% of full scale over the baseline 
eliminates selecting small fluctuations in baseline as 
peaks. Once the computer recognizes a change in slope, it 
then looks backward in time to determine where the slope 
first began to change and was also within 0.25% of the 
baseline. The computer looks at this time and if the time 
difference is -less than 5 seconds, then it keeps taking 
readings and repeats the process. The computer rechecks 
every 0.5 seconds. When the time difference (rise time) is 
greater than 5 seconds, then it calls the time where the 
slope first changes from the baseline the synchronization 
time. The purpose of this part of the program is to 
determine how long it takes for the peak to start to show up 
and to disregard spikes generated by air bubbles which take 
less than 5 seconds to go through the flow cell. 
The computer then waits until 90% of the peak has 
passed based on the sample time. For example, for a 60 
second sample time, it waits 54 seconds after the 
synchronization time (presumably the time To when the peak 
first starts to appear). The computer then starts looking 
backward through the previous 20 seconds. The computer 
looks to find regions of low slope using 4 points at a time 
(running average) with a criteria of differences less than 
0.25% of full scale (10/4000) and stores the means of the 
readings from the groups of 4. The program then does a 
linear regression on those means and extrapolates the line 
to the intersection of time=60 seconds after the peak first 
appears. In extrapolating to time=60 seconds, the computer 
is extrapolating to the theoretical end of the peak and then 
stores this value. 
If there aren't 4 means within that 20 second period 
that are within 0.25%, then the computer calls it a bad peak 
and just averages the last 10 readings (5 seconds of data) 
from the 90% peak time (54 seconds after the peak first 
appears based on a 60 second sample time). The program 
flags this peak by outlining it in a different color which 
signals the operator that it should be double-checked 
against the chart recorder trace. 
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SECTION 5
 
TROUBLESHOOTING
 
REFRACTIVE INDEX CORRECTIONS
 
The absorbance peak for a nutrient in seawater is the 
sum of absorbances from light loss due to differences in the 
index of refraction of the sample and the deionized water 
baseline, light loss due to turbidity and/or colored 
substances in the water, and the absorbance generated by the 
desired reaction between the nutrient in the sample and the 
color forming reagent. 
In this laboratory, the standards are made in a 
seawater matrix and run with deionized water as the 
baseline. For phosphate and nitrite, a refractive index 
correction needs to be made to compensate for the difference 
in the index of refraction between seawater and deionized 
water. The refractive index corrections are determined by 
running seawater samples through the RFA system with a 
critical reagent omitted. For phosphate, the hydrazine 
reagent is omitted and for nitrite, the NED is omitted. The 
absorbance difference is subtracted during the calculation 
step. The refractive ·index correction needs to be 
redetermined with changes in manifold configuration, reagent 
concentrations, or with large changes (>+5 0/00) in the 
salinity of the samples. 
Transient refractive index signals are also generated 
in the phosphate, nitrite, and ammonium channels. These 
sharp, sinusoidal signals are generated by passage of the 
interface between the seawater sample and deionized water 
baseline through the flowcell. The interface "lens" 
alternately refracts and focuses light on the detector. To 
deal with the refractive index signal, we use a sample time 
of 60 seconds which is sufficient to generate a plateau at 
the peak, and we then simply ignore this refractive index 
signal. 
Light loss can also occur due to scattering by the 
presence of particles in the seawater samples. If the 
samples contain a high concentration of suspended particles, 
filtering may be necessary. It is difficult to clean the 
filtering apparatus and filters sufficiently for ammonium 
and phosphate analyses, however. We have not had to filter 
the samples run in this laboratory. At times, the presence 
of particles does add some noise to the phosphate and 
ammonium channel, however, filtering of the samples has not 
been warranted. 
For some analyses, the color produced is dependent on 
the salinity due to changes in activity as the ionic 
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strength changes. It is for this reason that standards are 
made in low nutrient seawater rather than deionized water. 
AIR BUBBLE PATTERN 
The analytical stream is segmented with air bubbles 
that are injected via air valves. The air valves open every 
2/3 second which releases air pressure in the form of a 
bubble. The bubbles limit dispersion in the analytical 
cartridge and also help to reduce surge in the flow. 
For optimal hydraulic flow, the bubble injection must 
be phased with the surge created by the peristaltic pump. 
On the Alpkem 300 Series, a single potentiometer adjusts all 
six valves associated with one pump. The potentiometer is 
adjusted with a small screw driver until the bubbles are 
injected when the platen is at the bottom of the cycle. The 
gate delay potentiometer may also need adjustment after the 
air valves are adjusted. The bubbles should be of a similar 
size, evenly spaced, and not broken up. The regularity of 
the bubble pattern serves as a quick visual check of the 
system. 
TEMPERATURE EFFECTS 
( 
\ Fluctuating temperatures in the laboratory can effect 
the resultant color produced by the influence of temperature 
on reaction kinetics. The laboratory temperature should be 
maintained as close to a constant temperature as possible 
with the RFA units out of the direct path of heater and air 
conditioner air flow. In cases such as on a ship where 
temperature fluctuations can be extreme, the effects of 
temperature can be minimized by adjusting the manifold so 
that the extent of reaction is complete. The silicate 
analysis is particularly sensitive to temperature during the 
formation of the silicomolybdic acid and therefore a 50-turn 
mixing coil is used to allow for the reaction to go to 
completion. 
LOWERING DETECTION LIMITS (INCREASING SENSITIVITY) 
The detection limit for the chemical analyses can be 
lowered by increasing the signal to noise ratio. This can 
be done by either reducing the noise in the baseline or 
increasing the signal by having a higher ratio of sample to 
reagent. Noise in the baseline can be decreased by the 
proper choice of surfactant or sometimes by increasing the 
mixing coil length. The ratio of sample to reagents is 
increased by pumping the reagents with small diameter pump 
tUbes and having the reagents more concentrated. The 
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detection limits may also be increased by heating of the 
manifold to increase the extent of reaction. 
When optimizing for low concentrations, it is 
convenient to increase the electronic amplification of the 
photometer output signal. The standard calibration dial on 
the photometer allows adjustment of the photometer output 
from 1.0 absorbance units full scale (AUFS) at a dial 
setting of 1.0 down to 0.1 AUFS at a setting of 10.0. 
CARRYOVER 
Carryover from one sample to the next varies with the 
chemistry used. For example, carryover in the phosphate 
analysis using potassium antimony tartrate is a major 
problem whereas it is negligible using the reagents 
described in this manual. Carryover can also vary over the 
course of a day's run, especially for nitrate. As the Cd 
coil builds deposits in the interior, carryover from one 
sample to the next increases. The samples are always run 
from estimated low to high concentrations (surface to the 
deep samples) so as to minimize the effects of carryover. 
Carryover can be estimated using the concentrations of 
the two seawater blanks (DO and 810- see section 6) run in 
the standards tray. If the concentration of the first 
seawater blank (DO) is significantly higher than the second 
run of the seawater blank (SI0), it may be due to carryover 
from the previous synchronization/running standard (01). 
The concentration difference between the two seawater blanks 
divided by the concentration difference between the 
synchronization/running standard and the seawater blank 
gives the percent carryover. Carryover can also be 
estimated for each run of samples by using the 
concentrations of the duplicate synchronization/running 
standards (01) analyzed at the beginning of every tray. In 
this case, if the concentration of the first 
synchronization/running standard (the peak used for 
synchronization) is significantly lower than the second run 
of the synchronization/running standard, it may be due to 
carryover from the baseline. In this case, the difference 
in concentration between the two duplicate standards divided 
by the concentration of the standard gives the percent 
carryover. If the carryover is significant, corrections can 
be applied. 
SILICATE POLYMERIZATION 
The silicate analysis measures soluble "reactive" 
silicate. Polymers with three or more silicic acid units do 
not react quickly enough for measurement. Problems have 
arisen during the analysis of deep waters which have been 
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frozen. Frozen samples containing high silicate (>65 ~M) 
concentrations will give low values if not thawed correctly. 
Frozen samples containing high silicate concentrations can 
be run one day and left overnight in the dark and then rerun 
for silicate. In our laboratory, we have chosen to use a 
heater bath to thaw the samples. The frozen samples are 
thawed for at least 30 minutes at 50°C and then left in the 
dark for at least another 45 minutes to cool down to room 
temperature. This has been found to eliminate the silicate 
polymerization problem and does not appear to affect the 
other analyses significantly. A comparison of two sets of 
samples run after thawing in warm water and then rerun after 
going through the heater bath is given in Tables 2 and 3. 
Table 4 lists the average and standard deviation of 
replicate (5) analyses of a seawater standard. These 
results suggest that our procedure does not alias the 
results for nutrients other than silicate. Only small 
differences occur for silicate, but as figure 5-1 taken from 
Macdonald et al., (1986) show, the polymerization effect 
increases markedly at concentrations >-75 ~M, and depends on 
the ratio of silicate to salinity and storage time. 
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Table 2. Comparison between nutrient concentrations in seawater 
samples before and after heating in a bath at sooe for 30 
minutes. 
Depth P04a P04b Diff. c sia Sib Diff. c 
0 0.63 0.64 0.01 7.51 7.41 -0.10 
10 0.63 0.64 0.01 7.56 7.35 -0.21 
20 0.63 0.63 0.00 7.52 7.51 -0.01 
40 0.67 0.63 -0.04 7.54 7.58 0.04 
60 1.22 1.23 0.01 15.55 15.48 -0.07 
80 1.43 1.46 0.03 19.60 19.50 -0.10 
100 1.57 1.58 0.01 22.50 22.39 -0.11 
150 1.93 1.92 -0.01 30.81 30.87 0.06 
200 1.96 1.94 -0.02 34.66 34.86 0.20 
300 2.33 2.34 0.01 52.20 52.09 -0.11 
500 2.97 2.95 -0.02 78.37 78.85 0.48 
Average -0.0009 0.006 
Depth N03a N03b Diff. c N02a N02b Diff. c 
0 5.02 5.05 0.03 0.20 0.22 0.02 
10 5.08 4.99 -0.09 0.18 0.21 0.03 
20 5.28 5.26 -0.02 0.19 0.21 0.02 
40 5.27 5.24 -0.03 0.20 0.22 0.02
 
60 15.11 15.04 -0.07 0.05 0.06 0.01
 
80 19.05 19.12 0.07 0.02 0.04 0.02
 
100 21.22 21.26 0.04 0.00 0.01 0.01 
150 26.41 26.39 -0.02 0.00 0.00 0.00 
200 28.23 28.21 -0.02 0.01 0.02 0.01 
300 34.02 34.03 0.01 0.00 0.01 0.01 
500 40.72 40.72 0.00 0.00 0.00 0.00 
Average -0.009 0.01 
a Samples thawed in warm water and analyzed 
b The same samples reanalyzed after being put in a water bath 
set at sooe for 30 minutes and allowed to cool to room 
temperature for at least 45 minutes 
c The difference in concentration between the two values 
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Table 3. Comparison between nutrient concentrations in seawater 
samples before and after heating in a bath at 50°C for 30 minutes 
Depth P04a P04b Diff. c Sia Sib Diff. c 
0 0.79 0.81 0.02 10.14 10.21 0.07 
10 0.80 0.79 -0.01 10.10 10.13 0.03 
20 0.81 0.78 -0.03 10.15 10.25 0.10 
40 1.26 1.34 0.08 16.80 16.84 0.04 
60 1.53 1.53 0.00 20.94 20.98 0.04 
80 1.77 1.78 0.01 26.34 26.48 0.14 
100 1.79 1.80 0.01 27.96 27.98 0.02 
150 1.99 2.00 0.01 32.89 33.02 0.13 
200 2.11 2.13 0.02 39.64 39.76 0.12 
300 2.41 2.44 0.03 50.22 50.45 0.23 
500 2.98 2.98 0.00 81.77 81.81 0.04 
Average 0.01 0.087 
Depth N03a N03b Diff. c N02a N02b Diff. c 
0 7.3 7.44 0.14 0.17 0.18 0.01 
10 7.28 7.35 0.07 0.16 0.18 0.02 
20 7.65 7.75 0.10 0.16 0.16 0.00
 
40 16.5 16.65 0.15 0.05 0.05 0.00
 
60 20.86 20.91 0.05 0.00 0.00 0.00
 
80 23.47 23.64 0.17 0.01 0.02 0.01
 
100 24.45 24.54 0.09 0.00 0.00 0.00 
150 27.31 27.49 0.18 0.01 0.02 0.01 
200 29.75 29.78 0.03 0.00 0.00 0.00 
300 33.22 33.18 -.0.04 0.00 0.00 0.00 
500 40.01 40.11 0.10 0.00 0.00 0.00 
Average 0.09 0.004 
a Samples thawed in warm water and analyzed 
b The same samples reanalyzed after being put in a water bath 
set at 50°C for 30 minutes and allowed to cool to room 
temperature for at least 45 minutes 
c The difference in concentration between the two values 
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Table 4. The average and standard deviation of nutrient 
concentrations (in ~M) for replicate analyses of a seawater 
standard 
PHOSPHATE SILICATE NITRATE NITRITE AMMONIUM 
2.09 85.92 24.28 0.82 2.13 
2.13 86.29 24.44 0.82 2.09 
2.08 86.02 24.45 0.81 2.18 
2.13 86.19 24.42 0.81 2.12 
2.16 86.53 24.45 0.81 2.29 
MEAN 2.12 86.19 24.41 0.81 2.16 
STD DEV 0.029 0.21 0.065 0.0049 0.070 
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SECTION 6 
RFA PROCEDURES 
START-UP PROCEDURE: 
1. If you are running frozen samples in the shore 
laboratory, check to ensure that there is enough water to 
recirculate in the water bath and then turn it on. Take out 
the first tray of samples and the appropriate nitrite frozen 
standard from the freezer and put them into the water bath. 
The water bath should be set to 50°C. 
2. Take the appropriate mixed Si/NH3 and mixed P04/N03 
standard bottle out of the refrigerator. Also take out the 
refrigerated reagent bottles (NED, sulfanilamide, hydrazine 
sulfate). 
3. Turn the nitrogen gas on at the main valve. Let some 
nitrogen flow through the tubing to purge oxygen that has 
diffused in. Adjust the regulator until the gas flow is 
barely felt against your cheek. 
4. Check the condition of the pump tUbes (look for wear and 
replace if necessary) and then latch the platens and turn 
the RFAs on (regulated power and pump switch). Begin by 
pumping deionized water (DrW) through the system. The N03 
and N02 reagent lines should be in a beaker of DIW with a 
little Brij added (about 1% solution). The P04 and si 
reagent lines should be in a beaker of DIW with a little 80S 
solution added. The NH3 reagent lines should be in a 
separate beaker with a little Brij added. Turn the computer 
on. 
5. Check to ensure that the flow is going smoothly in all 
lines. Load the RUNRFA program through QBASIC. 
6. Fill a scintillation vial with 0.1 N NaOH and load in 
the autosampler under the sampler needle. Press [F3] to go 
into Check mode. Press [F6] to lower the needle and flush 
the system with 0.1 N NaOH. Press [FS] to raise the needle 
and follow the NaOH with some DIW, then 20 ml 10% HCI and 
then DIW. During the 10% HCl flush, refill the wash bottle 
with DIW. In this laboratory, I refill a large DIW carboy 
almost to the top and cap it the night before I am going to 
run samples. I use this DIW that has been sitting overnight 
as the wash water because the water directly out of our 
system is supersaturated with air and it continually 
degasses over the course of the day. It is better to use 
fresh DIW because using water that has sat for any length of 
time is subject to ammonium contamination; however, the 
partiCUlar water system we use precludes this. 
Revision 10/90 6- 1 
7. Pour the reagents while the RFAs are flushing. 
8. Make the standards while the RFAs are flushing. 
9. After the last DIW wash is through the sampler needle, 
put the reagent lines in the bottles. Put the Cd coil in 
line after the imidazole is in the system. Check to make 
sure the bubbles are not breaking up in the Cd coil. If the 
bubbles are breaking up, try increasing the nitrogen 
pressure to make larger bubbles. Alpkem recommends using a 
166 ul/min pump tUbe for the nitrogenihowever, we have been 
using 118 ul/min pump tUbe. 
10. Check the bubble pattern for regularity and set the 
voltages on the photometers. Set the reference voltage to 
5.00 and the sample voltage so the baseline absorbance is 
0.10-0.20. 
11. Turn on the chart recorders. Check the zero and 5.0 
volt settings. 
12. Run the standards tray twice. Run the Stand program 
[F8] to obtain factors and write the factors in the 
notebook. Record the file name on the chart paper and in 
the notebook. 
13. Have the samples coming to room temperature while you 
are running the standards. If everything looks okay with 
the standards, then begin running the samples. Always run 
the samples from the expected lowest to highest 
concentrations (usually shallowest to deepest). Have a DO 
(seawater blank) between two stations if running them on the 
same tray. While running a tray, have a set of stations 
cooling to room temperature and another set of stations 
thawing in the water bath. Run a 01 (synchronization 
standard) at the end of the tray also. . 
SHUT-DOWN PROCEDURE 
1. After running the final standards, turn off the chart 
recorders and remove and cap pens. 
2. Remove the Cd coil. Flush with imidazole and leave 
filled with imidazole. 
3. Put the reagent lines into the beakers and flush through 
with DIW and the appropriate surfactant. After the reagent 
lines are flushed with water, then go into Check [F3] and 
flush the sampler needle with some DIW. After this, flush 
with about 20 ml 0.1 N NaOH. Follow this with some DIW and 
then about 20 ml 10% HCl and then more DIW. Be sure to 
flush the sampler needle well with DIW after the acid. 
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4. Dump the unused reagents into the waste cUbitainers. 
Rinse the reagent bottles with DIW water. Rinse the 
standards vOlumetrics and the standards scintillation vials 
with DIW. 
5. After the system has been flushed, then unlatch the 
platens and turn the RFAs off. Close the nitrogen valve. 
Collect the chart paper. Exit [FlO] out of the RFA program. 
Turn the computer off. 
THINGS TO WATCH OUT FOR 
1. When starting up a new tray, make sure the computer 
picks up the co~rect delay time on the initial 
synchronization peak. Watch the peaks come out and make 
sure that it gets the right timing. If the timing is off, 
stop the program by hitting SHIFT + [Fl]. Circle the vials 
back to the starting position using the button on the back 
of the autosampler. wait a few minutes for the samples that 
are in the system to go through and then hit Sample [F2] 
again. 
2. Watch the bubble pattern and the trace on the chart 
recorder. Watch the bubbles coming out of the Cd coil. If 
they start breaking up, then try increasing the nitrogen 
pressure slightly. 
3. Make sure that you don't run out of reagent, especially 
the imidazole reagent because it will suck air through the 
cadmium coil which will greatly reduce its lifetime. 
4. Declining peaks for nitrate indicate that the coil is 
losing reduction efficiency. Pointed peaks indicate that 
the interior of the coil is getting rougher and carryover 
can become significant. If the nitrate peaks have pointed 
tops rather than a smooth plateau, it is best to change the 
cadmium coil even though the reduction efficiency may still 
approach 100%. If a piece of gunk gets stuck in the cadmium 
coil, you can try flushing it manually with imidazole in a 
syringe. 
5. Overall, the calibration peaks should remain about the 
same and have the same delay times. 
6. If the systems starts to look noisy then-
A. Check to make sure that the reagent lines are 
flowing smoothly. Replace if necessary. Recalibration will 
be necessary if you replace the pump tUbes. Deionized water 
should be pumped for at least 30 minutes and then the 
standards tray should be run at least two times to break the 
pump tubes in. 
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B. There may be a piece of gunk in the flow cell and 
you can manually flush it with some 0.1 N NaOH using a 
plastic syringe. 
c. The sampler needle may have a piece of gunk in it. 
Try the flushing procedure as outlined under START-UP. If 
that does not work, it may need be flushed with chromic acid 
cleaning solution and as a final resort it may need to be 
taken apart and cleaned. 
7. NOTE- Many manual manipulations with the RFA (e.g. 
cleaning gunk out of flow cells) have the potential to spray 
you with chemicals if a line comes loose. Make sure that 
you protect your eyes. You should also wear a lab coat or 
apron. For some chemicals, wearing rubber gloves would be a 
wise precaution. The lab at MBARI is equipped with the 
necessary safety gear, so ask if you can't find what you 
need. 
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FILE FORMAT
 
To start up a file­
1. Press Setup [Fl] which lists the set-up parameters. 
Check to make sure that the data is going to the right 
directory. If the directory or other variables need to be 
changed, cursor to the variable, type in the new name or 
number, and press [F5]. caution- if you hit [ENTER] the 
existing parameters will be used. 
2.	 LABEL: input the file name with the format given 
under (3) 
COMMENT:	 input the cruise name (i.e.- PP6, DSJ89) 
or if it is a standards run, then input the 
standards designation (i.e.- #4 N02 stnd 
#5 mixed stnd/#3 si stnd) 
COMMENT: input the station number or other comment 
OPERATOR: the operator's initials 
t SAMPLES: input the number of vials to be run 
If correct, then	 press [ENTER] 
The identification for the vials are then entered using 
the format given below. When done, press [F5]. Press [F2] 
to start sampling. 
3.	 The format for file names (typed in under LABEL:) is as 
follows: 
example 
81224-1 S stands for a standards file 
1224 is the date- December 24 
-1	 this is the first standards run of the 
day. The second standards run would be 
-2 , the third -3 , etc ... 
Be sure to input the standard # designation 
under comments. Also indicate an am or pm 
run. 
H25/26	 H stands for a station file 
25/26 means stations 25 and 26 are being run 
4. The first three vials are called D1, 01, and then DO. 
The first 01 standard is used for the synchronization peak 
and can also be used as a running standard. The second 01 
peak also serves as a running standard to monitor drift and 
carryover. 01 is made up as a standard and has all the 
nutrients added while DO is the seawater blank. If you are 
running two stations together, put a seawater blank between 
the two stations and call it DO also. Set up the tray with 
the samples running from shallow to deep to minimize 
carryover effects. Put a vial of the running standard (Dl) 
at the end of the tray also. 
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5.	 To input sample 1.0.­
D1 the first vial of running standard 
01 the second vial of running standard 
DO the seawater blank 
HI the first sample with a depth of 1 m 
HI0 the second sample with a depth of 10 m 
etc ••• 
01 running standard at end of run 
when done, press [FS] and then [F2] to start the run. 
6.	 To input a standards file-
Dl the first vial of running standard 
D1 the second vial of running standard 
00 the seawater blank 
510 another seawater blank 
811 the first P04 and N03 standard 
512 the second P04 and N03 standard 
813 the third P04 and N03 standard 
814 the fourth P04 and N03 standard 
521 the first si and NH3 standard 
822 the second Si and NH3 standard 
523 the third si and NH3 standard 
824 the fourth si and NH3 standard 
HI the N02 standard 
D1 running standard at end of run 
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PREPARATION OF REAGENTS
 
Unless otherwise noted under the individual recipes, 
all reagents are of reagent grade quality and the water is 
deionized water (DIW). Tap water is preconditioned using a 
reverse osmosis unit, passed through a sediment filter, and 
then passed through a 3-bowl Barnstead NANOpure II 
deionizing cartridge module. 
PREPARATION OF STANDARDS 
Careful preparation of standards and standardization 
procedures is critical to high quality data. Automated 
analyses tend to have high precision because of the 
reproducibility of solution handling; however, a high degree 
of precision does not mean a high degree of accuracy. No 
matter how well the instrument runs, if the standards are 
off, then the data will be off. 
At the present time, we have 2 sets of 3 primary 
standards. We have 2 sets of a mixed N03/P04 primary 
standard, 2 sets of a mixed Si/NH3 primary standard, and 2 
sets of frozen N02 primary standards. The two different 
sets of standards are made from different reagent bottles 
(different company/lot number) to try to eliminate 
systematic errors due to reagent impurities, operator 
weighing errors, etc •. The factors for both sets should 
match and we overlap neWly made standards with old 
standards. The standard batches are numbered sequentially 
and recorded in the RFA notebook. 
Prenaration of primary standards-
Order as high a quality reagent as possible for 
standards and use for standards only. Dry some in an oven 
at Il00C for several hours in a weighing bottle. Keep it 
stored in a vacuum desiccator with Drierite. Weigh an 
approximate amount precisely. When weighing the standard, 
place several small weighing boats with Drierite around the 
pan in the analytical balance. Use Class A vOlumetrics and 
pipettes. 
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Nitrate and phosphate mixed standard 
Primary standard-
As an example- 2.6000 g NaN03 and 0.2600 g KH2P04 
dissolved in 1000 ml DIW gives 30.592 roM N03 and 1.911 roM 
P04. This is the primary standard. 
Secondary standard­
20 ml of the above standard diluted to 500 ml in DIW 
gives 1.224 mM N03 and 0.0764 roM P04. 
Daily calibration standards 
Make up four standards by repipetting 1, 2, 3, and 4 
aliquots of the secondary standard into 100 ml vOlumetrics 
with seawater (as low in nutrients as possible). One 
aliquot in 100 ml will add 12.24 ~M N03 and 0.764 ~M P04 if 
the pipette is calibrated for 1.00 mI. The repipettes need 
to be calibrated and the volume actually delivered needs to 
be taken into account. 
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silicate and ammonium mixed standard 
Ammonium primary standard­
0.3304 g (NH4)2S04 dissolved in 1000 ml DIW gives 
5.001 mM NH4. 
silicate and ammonium mixed standard-
We use Na2SiF6 to make up the si standard. It can be 
difficult locating a vendor source and some batches may have 
P04 contamination or may not dissolve. Add the weighed si 
standard to about 900 ml DIW in a 1 liter vOlumetric. Add a 
stir bar and stir overnight to allow complete dissolution. 
After complete dissolution, add 20 ml of the above ammonium 
primary standard to the vOlumetric. Remove the stir bar and 
bring up to the mark with DIW. As an example, 0.7600 g 
Na2siF6 in 1 liter DIW gives 4.041 mM si and using the above 
amounts of ammonium will give 0.1000 mM NH4. 
Daily calibration standards-
Repipette 1, 2, 3, and 4 ml of the Si/NH3 standard into 
100 ml vOlumetrics with seawater. One aliquot of the above 
standard will give 40.41 ~M si and 1.00 ~M NH4 if the 
repipette is calibrated for 1.000 mI. 
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Nitrite standard 
A concentrated nitrite standard is made up in DIW and 
frozen in vials. The daily running standard is made by 
thawing and diluting this standard. This procedure is 
necessary to prevent nitrifying bacteria from converting N02 
to N03 due to a particularly resistant strain of nitrifying 
bacteria that has invaded our laboratory. 
Primary standard-
As an example- 0.2800 9 NaN02 in 2 L DIW gives 2.029 roM 
N02. Freeze approximately 20 ml aliquots in plastic 
scintillation vials. Rinse the vials 3 times with the 
standard before filling. Two liters of standard will 
probably be enough for around 40 vials. 
Secondary standard-
Thaw the frozen primary standard vial. Dilute 5 ml to 
250 ml in DIW. 
Daily running standard-
Dilute 5 ml of the secondary standard to 100 ml in 
seawater to make the Nl standard. 
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Synchronization/Running standard 
The synchronization standard (01) is made up as 
follows. Pipette in 5 aliquots of the mixed N03/P04 
standard, 5 aliquots of the mixed Si/NH3 standard, and 5 ml 
of the N02 secondary standard into a 250 ml vOlumetric half 
filled with seawater and make up to 250 ml with seawater. 
Additional notes-
Using the repipettes-
The repipettes are highly accurate (-±0.2%) if used 
correctly. The variable volume repipettes are set and 
calibrated for one volume only and the set screws are then 
glued in place. If there are air bubbles in the delivery 
tip, then pull the tip off and discard the solution in the 
tip. Put the tip back on and slowly pipette. It should 
fill back up without any bubbles. The repipettes are 
calibrated for accurate delivery if you- Raise the plunger 
to fill it to volume and then depress it slightly until a 
pendant drop forms .. FUlly raise the plunger again and touch 
the drop to the outside of the bottle to remove the pendant 
drop. Depress the plunger slowly and smoothly to deliver 
the specified amount. Touch the tip to the side (inside) of 
the bottle. If there is an air space at the tip after 
delivery, then you are probably depressing the plunger too 
quickly at the end or you have an air bubble caught under 
the plunger. Calibration of the repipettes should be done 
periodically with an analytical balance. Also, shake the 
bottles and flush the system with two or three aliquots 
before making up standards. 
Using vOlumetric pipettes-
Rinse the pipette at least 3 times with the solution 
being pipetted. Fill the pipette above the mark and then 
wipe the outside of the tip with a clean Kimwipe. Then let 
it down to the mark. Touch the tip to the outside of the 
bottle or flask to remove the pendant drop. Put the pipette 
tip in the flask, let the solution flow out while the end of 
the tip is touching the neck. This is for Class A 
vOlumetric pipettes calibrated to deliver. If droplets 
stick to the walls of the pipette, the delivery will not be 
accurate. Periodic cleaning with chromic acid and storing 
the pipettes "wet" in a solution of detergent alleviates 
this problem. Rinse the pipettes several times with 
deionized water before rinsing three times with the standard 
solution. 
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SECTION 7
 
RECIPES FOR NUTRIENT METHODS
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Reactive phosphorus 7-2
 
Reactive silicate 7-5
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Nitrite nitrogen 7-10
 
Ammonium nitrogen 7-12
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Reactive Phosphorus 
The determination of reactive phosphorus (phosphate) is 
based on reaction with an acidified molybdate reagent to 
yield a phosphomolybdate complex. This complex is then 
reduced with hydrazine sulfate to produce a highly colored 
blue compound. Antimony is not used in this analysis (see 
Note 1). The absorbance is measured at 820 nm and a 2.0 ml 
heating bath set at 55°C is used to accelerate the reaction. 
Manifold configuration 
Sample (642 ~l/min) and ammonium molybdate (37 ~l/min) merge 
and then air is injected at 118 ~l/min. After passing 
through a s-turn mixing coil, the stream merges with 
hydrazine sulfate (37 ~l/min). The stream then passes 
through another 5-turn mixing coil, a 2 ml heating bath set 
at SsoC, and a lo-turn mixing coil. The stream is debubbled 
at 482 ~l/min and then passes through a 30 mm flowcell. A 
damping time of 1 second and a standard calibration setting 
of 4.S are used. 
Reagent preparation 
2% (v/v) Ultrawet 60L- Mix 1 ml Ultrawet 60L (available 
from Sigma and Alpkem) in 50 ml DIW. 
Ammonium molybdate- Dissolve 27 gm ammonium molybdate in 
250 ml DIW. Slowly and with mixing, add 427 ml concentrated 
sulfuric acid to 540 ml DIW in a Pyrex beaker. Allow the 
acid solution to cool and then slowly add the acid solution 
to the molybdate solution and make up to 1 L. This reagent 
is stable at room temperature. 
Working molybdate reagent- Dilute the above stock 
reagent 1:1 with DIW. Add 1 ml of 2% Ultrawet solution 
per 40 ml reagent. Prepare daily. 
Hydrazine sulfate- Dissolve 6.4 gm dihydrazine sulfate in 
1 L DIW. store in the refrigerator in a brown bottle. If 
dihydrazine sulfate is difficult to obtain, hydrazine 
sulfate can be substituted. If hydrazine sulfate is used 
instead of dihydrazine, dissolve 10.15 gm hydrazine sulfate 
in 1 L DIW. store in the refrigerator in a brown bottle. 
Working hydrazine sulfate- Add 200 ~l Aerosol-22 to 
40 ml hydrazine reagent. Prepare daily. 
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Notes 
1. Previous methods for the determination of reactive 
phosphorus have commonly used the addition of potassium 
antimony tartrate which increases the reaction rate but also 
results in significant tailing and carryover. By 
eliminating the antimony, smearing of the signal is greatly 
reduced and the baseline remains stable over the course of a 
day. Since no antimony is used, the analytical wavelength 
is 820 nm and it is necessary to heat to 55-60oC. 
2. Do not add SDS to these reagents as it is incompatible 
with the hydrazine reagent. Do not add Brij-35 to the 
reagents as it interferes with the reaction. The 
Ultrawet 60L and Aerosol 22 were chosen as wetting agents 
because they were effective, compatible with the reagents, 
and commercially available. 
3. To depress the interference of silicate, the final 
reaction pH must be less than 1. Interference from silicate 
can be detected from the standard analyses. 
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RFA 
Reactive Phosphorns 
0.04	 - 4.0 JlM PO~ 
Seawater 
Flowrate
 
(J.Lllmin)
 
, .«!",	 , , , , 6' f .' I ' G' f( 12' ' ,?, Ie, I • to wastecf f	 f , 
Debubble waste 
Heater bath Flow cell 
o Air solenoid valve 
o Mixing coil, 5 turns 
PHOTOMETER PARAMETERS SAMPLER PARAMETERS 
Filter: 820 nm Sample time: 60 sec 
F1owcell: 30 nun Wash time: 10 sec 
Damping: 1 sec 
Standard calibration: 4.5 
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Reactive silicate 
The determination of reactive silicate is based on the 
formation of a yellow silicomolybdic acid which is then 
reduced with stannous chloride to an intensely colored blue 
complex. Tartaric acid is added to avoid reduction of the 
excess molybdate and to eliminate interferences from 
phosphate and tannin. The absorbance is measured at 880 nm. 
Manifold configuration 
Sample and ammonium molybdate reagent (both 287 ~l/min) 
merge and then air is injected at 118 ~l/min. The analyte 
stream flows through two 25-turn mixing coils and then 
merges with tartaric acid reagent (118 ~l/min) •. After a 25­
turn mixing coil, the stream merges with stannous chloride 
reagent (74 ~l/min), flows through a 25-turn mixing coil, 
and then through a 1.0 cm flowcell with bubble gating. A 
damping time of 1 second and a standard calibration setting 
of 1.2 are used. 
Reagent preparation 
15% (w/w) SDS- Dissolve 15 gm sodium dodecyl sulfate 
(sodium lauryl sUlfate) in 100 ml DIW. stir overnight to 
completely dissolve the SOS. 
Ammonium molybdate- Dissolve 10.8 gm ammonium molybdate 
(85%) in 400 ml DIW. Add 2.8 ml concentrated sulfuric acid 
to 500 ·ml DIW in alL vOlumetric. Slowly add, while 
mixing, the ammonium molybdate to the sulfuric acid 
solution. Dilute to 1 L with DIW. store in an amber 
plastic container. Do not refrigerate. Discard the 
solution if it becomes blue or a precipitate forms. 
Working molybdate reagent- Add 15% SDS at the rate of 
1 ml SDS solution to 100 ml reagent. Prepare daily. 
Tartaric acid- Using a funnel, pour 400 gm tartaric acid 
into a 4 L LPE bottle. Dilute to 4 L with DIW. Add 8 drops 
of chloroform. store at room temperature. 
stock stannous chloride reagent- Dissolve 80 gm stannous 
chloride in 200 ml 50% Hel (6 M HCl). store in a tightly 
closed plastic container. 
Working stannous chloride reagent- Mix 1 ml stock 
stannous chloride reagent and 100 ml 10% HCl. store in 
a plastic container. Prepare fresh daily. This 
reagent may not be stable for more than 8 hours. 
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Flowrate 
(1JIlmin) 
PHOTOMETER PARAMETERS 
Filter: 
Flowcell: 
Damping: 
Standard calibration: 
Bubble gate: 
[!] 
o 
880 DIn 
10 mm 
1 sec 
1.2 
on 
RFA
 
Reactive Silicate 
2 - 200 J.lM Si 
Seawater 
Waste 
Flow cell 
Air solenoid valve 
Mixing coil, 5 turns 
SAMPLER PARAMETERS 
Sample time: 60 sec 
Wash time: 10 sec 
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Nitrate + Nitrite Nitrogen 
The determination of nitrate is based on the quantitative 
reduction of nitrate to nitrite by copper-coated cadmium 
metal in a 24 inch open tubular cadmium reactor (OTCR). The 
resulting nitrite and any nitrite originally present in the 
seawater sample is then determined by measuring the 
absorbance (540 nm) of the azo dye as in the nitrite 
procedure. 
Manifold configuration 
Sample (226 ~l/min) and imidazole buffer (385 ~l/min) merge 
and then nitrogen gas is injected at 118 ~l/min. The 
analyte stream passes through a 5-turn mixing coil and then 
through a 24" cadmium coil. The stream then merges with 
sulfanilamide (74 ~l/min), passes -through a 10-turn mixing 
coil, and then merges with NED (74 ~l/min). After passing 
through a 10-turn mixing coil, the stream is debubbled (287 
~l/min) and then rebubbled (118 ~l/min) and then passes 
through a 1.5 cm flowcell with bubble gating. A damping 
time of 2 seconds and a standard calibration setting of 1.0 
are used. 
Reagent preparation 
O.lM Imidazole buffer- Dissolve 6.81 gm imidazole in 
approximately 900 ml DIW in aIL bottle. Add 19 ml 10% HCl 
and dilute to 1 L with DIW. This reagent can be stored at 
room temperature. The pH of this buffer should be about 
7.5. 
Sulfanilamide- Dissolve 10 gm sulfanilamide in 1 L of 10% 
HCl. store in the refrigerator. 
Working sulfanilamide reagent- Add Brij-35 at a rate 
of 1 ml Brij-35 per 100 ml sulfanilamide reagent. 
NED- Dissolve 1 gm NED (N-(l-Napthyl)ethylenediamine 
dihydrochloride» in 1 L DIW. store in an amber plastic 
bottle in the refrigerator. 
2% (w/v) cupric sulfate- Dissolve 20 gm cupric sulfate 
pentahydrate in 1 L DIW. 
BUffered copper solution- Mix 20 ml imidazole reagent (no 
Brij-35) and 20 ml 2% cupric sulfate. 
OTCR Activation 
using a syringe, draw buffered coppered solution into the 
OTCR. Let sit for 5 minutes and then repeat again. Draw 
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imidazole buffer into the coil and leave filled with buffer.
 
Do not introduce air into the OTCR during this process.
 
When necessary, reactivate the OTCR by filling the reactor
 
with buffered copper solution only once and then flushing it
 
with stock imidazole buffer. Make the buffered copper
 
solution fresh before use.
 
Notes 
1. The conditions of the reduction reaction must be 
adjusted so that nitrate is quantitatively converted to 
nitrite and not reduced further. The efficiency of the 
reaction is dependent upon the pH of the solution and the 
activity of the metal surface. At the buffered reaction pH 
of 7.5, nitrate should be quantitatively reduced to nitrite 
with no further reduction. By calculating a nitrate 
calibration factor for the high nitrite standard and 
comparing this factor versus the calibration factor for the 
nitrate standards, column reduction efficiency can be 
estimated. The efficiency should be between -95-100%. 
Overreduction can be detected by comparing the value of the 
high nitrite standard with and without the cadmium coil 
in-line, taking into account any nitrate present in the 
nitrite standard. 
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RFA 
Nitrate nitrogen 
0.6 • 60 J1M NO. 
Flowrate Seawater 
(sUImin) 
•• , t'. , ••• « •• I '" II'''' II ,ft·" I I .. to waste 
waste 
24" Cd coil 
Flow cell 
[!] Air solenoid valve 
o Mixing coil, 5 turns 
PHOTOMETER PARAMETERS SAMPLER PARAMETERS 
Filter: 540nm Sample time: 60 sec 
Flowcell: 15 rom Wash time: 10 sec 
Damping: 2 sec 
Standard calibration: 1.0 
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Nitrite Nitrogen 
The determination of nitrite is based on the reaction of 
nitrite with an aromatic amine (sulfanilamide hydrochloride) 
to form a diazonium compound which then couples with a 
second aromatic amine (NED) to form an azo dye. The 
absorbance is measured at 540 nm. 
Manifold Configuration 
Sample (642 ~l/min) and sulfanilamide (74 ~l/min) merge and 
then air is injected at 118 ~l/min. The analyte stream 
passes through a lo-turn mixing coil and then merges with 
NED (74 ~l/min). After passing through a lo-turn mixing 
coil, the stream is debubbled (226 ~l/min), rebubbled 
(118 ~l/min), and then passes through a 1.5 cm flowcell with 
bubble gating. A damping time of 2 seconds and a standard 
calibration setting of 6.0 is used. 
Reagent preparation 
The reagents used are the same as in the nitrate + nitrite 
procedure and are summarized again as follows: 
Sulfanilamide- Dissolve 10 gm sulfanilamide in 1 L of 
10% Hel. store in the refrigerator. 
Working sulfanilamide reagent- Add Brij-35 at a rate 
of 1 ml of Brij-35 per 100 ml sulfanilamide reagent. 
NED- Dissolve 1 gm NED (N-(l-Napthyl)ethylenediamine 
dihydrochloride» in 1 L DIW. store in an amber plastic 
bottle in the refrigerator. 
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RFA 
Nitrite nitrogen 
0.02 • 2.5 J1M NOt 
Flowrate Seawater 
(JJlJmin) 
IOJ:TBBID DraW 10m/om (Will I • to waste 
waste 
Flow cell 
[!] 
o 
PHOTOMETER PARAMETERS 
Filter: 540 nm 
Flowcell: 15 mm 
Damping: 2 sec 
Standard calibration: 6.0 
Bubble gate: on 
Air solenQid valve 
Mixing con, 5 turns 
Revision 
SAMPLER PARAMETERS 
Sample time: 
Wash time: 
10190 
60 sec 
10 sec 
Ammonium Nitrogen 
The determination of ammonium is based on the reaction of 
phenol and alkaline hypochlorite in the presence of NH3 to 
form indophenol blue. Sodium nitroferricyanide is used as a 
catalyst in the reaction. Precipitation of ea and Mg 
hydroxides is eliminated by the addition of sodium citrate 
complexing reagent. The absorbance is measured at 640 nm 
and a 2.0 ml heating bath set at GOGe is used to accelerate 
the reaction. 
Manifold configuration 
Sample (722 ~l/min) and sodium citrate reagent (226 ~l/min) 
merge and then air is injected at 118 ~l/min. The stream 
passes through a 10-turn mixing coil and then merges with 
the phenol/nitroferricyanide reagent (37 ~l/min). After 
passing through a 10-turn mixing coil, the analyte stream 
merges with the sodium hydroxide/hypochlorite reagent, 
passes through a ls-turn mixing coil, a 2 ml heating bath 
set at 60 Ge, a 2s-turn mixing coil, and then is debubbled 
(722 ~l/min) before passing through a 3 cm flowcell. A 
damping time of 2 seconds and a standard calibration setting 
of 6.0 are used. 
Reagent preparation 
Sodium citrate- Dissolve 140 gm sodium citrate and 5.0 gm 
NaOH in 1 L DIW. Prepare at least one day before use. Keep 
this reagent at room temperature. 
Working citrate reagent- Add 500 ~l Brij-35 per 200 ml 
reagent. Prepare daily. 
Sodium nitroferricyanide- Dissolve 0.25 gm sodium 
nitroferricyanide (sodium nitroprusside) in 500 ml DIW. 
Store in an amber bottle at room temperature. 
Working phenol/nitroferricyanide reagent- Pipette 1 ml 
phenol (liquid phenol, 90%) into 50 ml 
nitroferricyanide reagent. Prepare daily. 
Sodium hydroxide solution- Dissolve 1.25 gm NaOH in 250 ml 
DIW. 
Working hypochlorite reagent- Pipette 1 ml Clorox into 
50 ml sodium hydroxide solution. Prepare daily. 
Revision 10/90 7- 12 
Notes 
1. Large quantities of sodium citrate are used in this 
analysis to prevent the precipitation of Ca and Mg. The 
sodium citrate can contain significant amounts of ammonia, 
generating a high baseline. Preparing the reagent at least 
one day ahead of time and having it sit overnight with the 
NaOH seems to help alleviate this contamination problem. 
2. The phenol/nitroferricyanide and hypochlorite/NaOH pump 
tubes are changed daily. The sodium citrate and sample pump 
tubes are changed every other day. 
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RFA 
Ammonia nitrogen 
0.05 - 10.0 J!M NHs 
Flowrate Seawater 
(~min)  
, .« t, t «f"« , f , «' Y I V I~'« , «' , I 'f" 't ' I I to waste • I 
Debubble waste 
PhenolJ Heater bath Flow cell 
o Air solenoid valve 
o Mixing coil, 5 turns 
PHOTOMETER PARAMETERS SAMPLER PARAMETERS 
Filter: 640 nm Sample time: 60 soo 
Flowcell: 80 rom Wash time: 10 sec 
Damping: 2 sec 
Standard calibration: 6.0 
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SECTION 8 
VENDOR LISTING 
Alpkem Corporation 
P. O. Box 1260 
Clackamas, OR USA 97015 
(800) 547-6275 
Asco/Angar Scientific 
52 Horsehill Road 
Cedar Knolls, NJ USA 07927 
(201) 538-9700 
Barnstead Company 
225 Rivermoor Street 
Boston, MA 02132 
(800) 446-6060 
Hewlett-Packard Company 
1501 Page Mill Road 
Palo Alto, CA USA 94304 
(800) 752-0900 Customer Information Center 
Isco, Inc. 
P. O. Box 5347 
4700 Superior street 
Lincoln, NE USA 68505 
(800) 228-4250 
MetraByte Corporation 
440 Myles Standish Boulevard 
Taunton, MA USA 02780 
(508) 880-3000 
Primeline (Division of Soltec Corp.) 
P. O. Box 670 
San Fernando, CA USA 91341 
(800) 525-5554 
Sigma Chemical Company 
P. O. Box 14508 
st. Louis, MO USA 63178 
(800) 325-3010 
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